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INTRODUCTION 

ALTHOUGH  the  d3mamo-electric  machine  as 
an  electric  source  might  properly  be  included 
under  the  head  of  the  generation  of  electric- 
ity in  Volume  I,  Part  I,  yet  it  is  more  convenient 
to  discuss  both  it  and  the  electric  motor  under  the  ^,^-   ^^ 
electric  arts  and  sciences.    This  is  especially  the  case,  JJJ^J^j^ 
since  the  construction  and  operation  of  the  dynamo  J^^JJ^j^ 
and  motor  embrace  the  highest  principles  of  the^jj^}}* 
electric  arts,  while  their  design  requires  on  the  part 
of  the  electrical  engineer  a  most  intimate  acquaint- 
ance with  the  sciences  of  electricity  and  magnetism. 

No  one  would  question  the  propriety  of  consid- 
ering the  construction  and  operation  of  the  steam 
engine  under  the  head  of  the  mechanic  arts  or  as2U<;jf^j 
a  part  of  the  science  of  mechanics,  and  yet  theSSioT^ 
dynamo-electric   machine   and   the   electric   motorjjj^^ 
have  as  great,  if  not  a  greater,  reason  to  be  treated  ^S^^Jo 
under  the  electric  arts  and  sciences;  for  these  pieces 2^*]SJ'^ 
of  electric  apparatus  have  reached  such  a  stage  that 
it  is  now  possible  to  design  dynamo-electric  gen- 
erators of  over  5,000  horse-power  capacity,  which, 
when  constructed,  require  no  change,  but  are  ready 
at  once  to  convert  mechanical  energy  into  electric 
energy  on  this  great  scale.     Even  to-day  such  an 
achievement  could  scarcely  be  equalled  by  the  most 
advanced  mechanical  or  steam  engineer. 
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DYNAMOS 

CHAPTER  I 

DYNAMO-ELECTRIC  MACHINES 

"All  djrnamos  are  based  upon  the  discovery  made  by  Fara- 
day, in  1831,  that  electric  currents  are  generated  in  conductora 
by  moving  them  in  a  magnetic  field." — Dynamo-Electric  Ma" 
chinery:  S.  P.  Thompson 

A  DYNAMO-ELECTRIC  machine  is  any  ma- 
chine by  means  of  which  mechanical  energy 
is  converted  into  electric  energy  by  mag- 
neto-electric induction.     The  term  d)mamo-electric 
machine  is  also  applied  by  some  to  any  machine  by 
means  of  which  electric  energy  is  converted  into 
mechanical   energy  by  magneto-electric  induction,  ^d^l^o- 
Machines  of  the  first  class  are  generally  called  gen-  ^^ne. 
erators;  those  of  the  second  class,  motors.     For 
example,  S.   P.  Thompson,  in  his  excellent  work 
entitled  "D)mamo-Electric  Machines,"  defines  the 
term  as  follows:     "A  d)mamo-electric  machine  is 
a  machine  for  converting  energy  in  the  form  ofThomp- 
mechanical  power,  into  energy  in  the  form  of  electric  So  of  "'" 
currents,  or  vice  versa,  by  magneto-electric  indue- JiSn^ 
tion;  the  operation  being,  in  general,  that  of  set-"*^**"^ 
ting  conductors,  usually  of  copper,  to  rotate  in  a 
magnetic  field." 

Any  d)mamo-electric  machine  is  capable  of  either 
furnishing  electric  currents  when  driven  by  mechan- 
ical power  from  a  steam  engine,  waterfall,  or  some  SScu^int 


Other  external  source  of  similar  power,  or  fur-^a^s? 
nishing  mechanical  power  when  supplied  with  elec-  S^SSc 
trie  currents  from  a  voltaic  battery,  another  dynamo, 
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or  any  other  electric  source.  Dynamos  can  be  di- 
vided into  two  great  classes;  viz.,  continuous-cur- 
rent dynamos,  or  those  in  which  the  electric  current 
<ama^  they  generate  flows  in  one  and  the  same  direction, 
iij™ii»»  ^^^  alternating-current  dynamos,  in  which  the  cur- 
rents they  generate  rapidly  flow  alternately  in  oppo- 
site directions, 

A  dynamo-electric  generator,  or  dynamo-electric 
machine,  as  ordinarily  constructed,  consists  essen- 


Fia.   I. — DT&Bmo-Ekctrk  Macbine.     Belt-driven  type. 

tially  of  the  following  parts;  viz.,  of  the  armature, 
the  field  magnets,  the  commutator,  and  the  collect- 
ing brushes. 

Generally  speaking,  the  armature  of  a  dynamo- 

^  electric  machine,  in  which  E.M.F.'s  are  generated, 

consists  of  that  part  of  the  machine  which  is  ro-  I 

tated  or  driven  by  the  expenditure  of  mechanical 

power.     In  some  forms  of  machines,  however,  the 
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armature  remains  at  rest,  either  the  magnetic 
flux  or  the  magnets  that  produce  the  magnetic 
flux  being  rotated.  The  armature  generally  con- 
sists of  a  number  of  copper  conductors  placed  onJS'dSSf 
the  outside  of  a  drum,  ring,  disk,  or  cylinder,  S555S? 
which  is  firmly  mounted  on  a  shaft  provided  with 
a  pulley,  so  that  it  can  be  given  rapid  rotation  by 
means  of  a  belt.  Sometimes,  however,  the  armature 
shaft  is  connected  directly  with  the  driving  steam 
engine,  or  turbine  water  wheel.  This  gives  rise  to 
two  types  of  d)mamo-electric  machines,  called  respec- 
tively a  belt-driven  dynamo  and  a  direct-driven 
dynamo.  In  the  machine  represented  in  Fig.  i, 
the  armature  is  shown  at  A  A.  This  machine  be- 
longs to  the  belt-driven  type,  and  is  provided  with  a 
pulley,  as  shown.  The  armature  shaft  is  supported 
on  bearings  at  B  B. 

The  field  magnets  of  a  dynamo-electric  machine 
constitute  the  part  of  the  dynamo  in  which  the  mag- 
netic flux  is  venerated.     The  field  magnets  furnish 
the  magnetic  flux  which  produces  the  currents  in  the  sSa 
conductors  on  the  armature  when  they  are  rotated  "**^'^ 
so  as  to  cut  it.    The  field  magnets  consist  generally 
of  masses  of  iron  on  which  are  wound  coils  of 
insulated  copper  wire.     They  are  provided  with 
soft  iron  masses,  called  pole  pieces,  which  are  shaped  Poie  pieces 
so  as  to  conform  to  the  outline  of  the  armature,*^   r^too- 
which  rotates  between  them.     It  is  by  means  of  these 
pole  pieces  that  as  much  as  possible  of  the  magnetic 
flux  is  caused  to  pass  through  the  rotating  armature, 
and  so  generate  E.M.F.'s  in  its  conducting  wires. 
The  field  magnets  are  represented  by  F    F.     The 
commutator  C  consists  of  means  for  collecting  and  ^ommu- 
directing  the  currents  produced  by  the  E.M.F.'s  dynamo, 
generated  in  the  revolving  armature.     This  part 
is  called  the  commutator,  because  it  commutes  all 
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these  currents,  or  causes  them  to  flow  in  one  and  the 
same  direction. 

The  brushes  or  collectors  of  a  dynamo-electric 
couecdaff  "^chii^c  consist  of  bundles  of  wires,  plates  of  car- 
dJSwSS?  ^^  ^^  copper,  or  sheets  of  metallic  gauze,  that  are 
pressed  against  the  surface  of  the  commutator.  Col- 
lecting brushes  are  shown  at  £  D,  and  are  connected 
as  there  indicated  with  the  terminals,  T  T,  of  the 
machine. 

The  value  of  the  KM.F.'s  produced  by  a  dy- 
namo depends^  as  in  all  other  cases  of  electro-dynam- 
ic induction,  on  the  rate  at  which  the  loops  of  con- 
ducting wires  on  the  armature  are  filled  with  or 
emptied  of  magnetic  flux.  Consequently,  in  the  dy- 
namo, the  value  of  the  E.M.F.'s  generated  may  he 
increased  by  increasing  the  speed  of  rotation  of  the 
armature,  by  increasing  the  amount  of  magnetic 
flux  which  passes  through  the  circuit  of  the  machine, 
or  by  increasing  the  number  of  conducting  loops 
on  the  armature. 

It   would   not   be  practicable,   in   all   cases,  to 

increase   the   E.M.F.'s   by   merely   increasing  the 

Why         speed  of  rotation  of  the  armature,  since  to  double 

E.M.F/8    the  value  of  the  E.M.F.'s  by  such  means  would 

^(^kaiiv  necessitate  doubling  the  speed  of  rotation,  and  this, 

Si^^ng^  generally,  would  carry  the  speed  far  beyond  safe 

a^^    limits.     We  can,  however,  obtain  such  increased 

roution.     yj^jyg  either  by  increasing  the  number  of  turns  of 

conducting  wire  cm  the  armature,  or  by  increasing 

the  quantity  of  magnetic  flux  that  passes  through 

the  armature. 

The  total  value  of  the  E.M.F.'s  generated  in  an 
armature  circuit  is  equal  to  the  sum  of  all  the  sepa- 
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rate  E.M.F/s  produced  in  that  circuit,  provided  all 
the  separate  loops  that  are  generating  KM.F/s  are 
properly  connected  in  series  with  one  another;  in 
this  way,  therefore,  it  is  possible  to  obtain  almost 
any  E.M.F.  that  may  be  required,  especially  if,  at  other 
the  same  time,  both  the  speed  of  rotation  and  the^crea^n^ 
amount  of  magnetic  flux  passing  through  the  arma-  S^iS j^n 
ture  are  increased.     The  increased  magnetic  flux  fa  ^1^^ 
passing  through  the  armature  can,  within  certain  ^'^ 
limits,  be  obtained  by  increasing  the  number  of  turns 
of  insulated  wire  on  the  field  magnets,  as  well  as 
by  increasing  the  amount  of  iron  in  the  core  of  such 
mag^nets. 

The  qtrtput  of  .a  dynamo  is.  the  electric  activity 
it  producea^at  its  terminals,.  thAtd^;  the  output  is  the 
available;  electric  activity  produced  :by  the  machine. 
The  intake  is  the  mechanical  energy  the  machine  output 
requires  to  drive  it.     The  efficiency  of  a  dynamo  of  dynamo 
is  die  fdatk»i;  that:  exists  between,  the  output  and  die 
intake,  and. is  equal  to  the  output. :dfvided  by  tiie 
intake.    Since  there  are  always  losses  in  the  con- 
version of  mechanical  into  electric  energy,  tiie  out- 
put must  always  be  smaller  than  the  intake.     Conse-  -g|^^ 
quently,  the  efficiency  is  always  less  than  unity. 

It  may  be  well  here  to  explain  briefly  just  what 
is  meant  by  work  and  activity.  By  work  is  meant 
the  expenditure  of  some  force  acting:  through  a  work  and 

,  o  o  activity 

distance,  as,  for  example,  when  a  man  raises  his  own  defined, 
weight  through  a  certain  vertical  height  by  mount- 
ing a  stairway.  Here  the  man  expends  his  mus- 
cular energy  in  order  to  raise  his  weight  through 
the  vertical  distance  between  the  bottom  and  the  top 
of  the  stairway.  A  convenient  unit  of  work,  called  ^^^  ^, 
the  foot-pound,  is  equal  to  the  amount  of  work  that  ^o'^- 

is  done  when  a  weight  of  one  pound  is  raised  through 

Vol.  n.— j& 
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a  vertical  distance  of  one  foot,  against  the  force  of 

gravity.     The  rate-of-doing  work,  or  of  expending 

energy,  is  called  the  activity  or  power.     It  is  evident 

that  a  man  weighing  one  hundred  and  fifty  pounds, 

in    raising   his   weight   by   mounting   a    stairway 

through  a  vertical  distance  of  one  hundred  feet,  will 

perform  the  same  amount  of  work  whether  he  does 

this  in  one  minute  or  in  ten  minutes.     But  it  is  clear 

Unit  of      that  the  rate  at  which  he  expends  his  energy  will  be 

rauS?'''^  ten  times  greater  in  the  first  instance  than  in  the 

doing  work,  g^^j^  J.  Qj.^  jj^  other  words,  the  activity  or  the  power 

is  ten  times  greater  in  the  first  instance  than  in  the 
second.  A  convenient  unit  of  activity  or  power  is 
the  foot-pound-per-second.  As  this  is  a  rather  small 
Horse-  Unit,  a  larger  unit,  called  the  horse-power,  is  gen- 
^'^^''  erally  employed,  the  horse-power  being  equal  to  an 
activity  of  five  hundred  and  fifty  foot-pounds-per- 
second. 

We  will  be  better  able  to  understand  the  relations 

existing  between  the  ordinary  units  of  work  and 

Relations    activity  and  the  electrical  units  of  work  and  activity 

mechaScai  from  the  followiug  consideration:  When  a  pound 

S5its*o7  *^of  water  falls  from  a  reservoir  through  a  vertical 

T^lvity.     distance  of  one  foot,  it  does  an  amount  of  work 

equal  to  one  foot-pound,  since  this  is  the  amount  of 

work  that  would  have  to  be  done  in  order  to  raise  the 

water  vertically  through  a  distance  of  one  foot 

against  the  force  of  gravity.     In  a  similar  manner, 

we  may  conceive  that  when  one  coulomb  of  electric- 

coulomb,"    ity  passes  through  a  circuit  under  a  pressure  of  one 

or  jou  c.     ^^j^^  ^^^  amount  of  work  that  is  expended  in  such 

circuit  will  be  equal  to  one  volt-cotjjomb ;  this  is 
sometimes  called  the  joule,  and  is  equal  to  the 
amount  of  electric  work  done,  or  the  energy  ex- 
pended, in  order  to  raise  the  potential  of  one  coulomb 
of  electricity  one  volt.     The  practical  unit  of  dec- 
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trie  wcnrk  may,  dierefore,  be  called  the  volt-coulombi 
or  the  joule,  the  joule  being  equal  to  0.738  foot- 
pounds. 

The  practical  unit  of  electric  activity  or  power  is 
the  jotUe-per-second,  or,  as  it  is  sometimes  called,  jmUMKr^ 
the  watt,  after  James  Watt,  who  did  so  much  to  im-  Se^S^^ 
prove  the  steam  engine  during  the  years  of  its  early 
existence.     Since  an  ampere  is  equal  to  a  coulomb- 
per-second,  instead  of  r^arding  the  watt  as  a  rate 
of  doing  electric  work  equal  to  one  coulomb-per- £^h^ 
second,  we  can  regard  it  as  equal  to  one  volt-ampere.  ^S^^. 
The  watt  is,  approximately,  equal  to  ifir  of  a  horse- 
power. 

The  output  of  a  dynamo,  as  well  as  its  intake,  is 
expressed  in  watts.  Since  one  watt  is  a  very  small 
unit  of  activity  in  power,  being  only  equal  to  the  tH  on^ 
of  a  horse-power,  a  larger  and  more  convenient  unit  ^'^^ 
of  electric  activity  called  the  kilo-watt,  or  one  thou- 
sand watts,  is  generally  employed  in  practice.  A 
kilo-watt  is  equal  to  1.34  horse-power. 

Dynamo-electric   machines  can   be  conveniently 
divided  into  various  classes,  according  to  a  variety 
of  circumstances.     For  example,  they  may  be  di- costunt- 
vided  into  constant-potential  dynamos,  or  those  inS^^'*^ 
which  a  constant  potential  or  pressure  is  maintained  ^^^^ 
at  the  d3mamo  terminals,  irrespective  of  the  work  **^^°*™**** 
done  in  the  external  circuit;  and  constant-current 
dynamos,  or  those  in  which  a  constant  strength  of 
current  is  maintained  in  their  circuits,  notwithstand- 
ing   variations    in  the    external  circuits.      Again, 
dynamo-electric    machines    may    be    divided    intod^?^ 
classes,  according  to  the  source  of  their  magnetic  ^"^  "**** 
flux;  for  instance,  they  may  be  magneto-electric 
machines,  in  which  the  flux  is  obtained  from  per- 
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manent  magnets,  or  the  flux  may  be  obtained  from 
electro-magnets,  in  which  case  the  machines  may  be 
fSSSa'^^  separately  excited,  where  the  electro-magnets  are 
dyaanMM.    excited  by  currents  from  a  source  outside  of  the 
machine,  or  they  may  be  self-excited,  that  is,  those 
whose  field  magnets  are  supplied   from  currents 
from  the  armature  of  the  machine.     Self-excited 
Self-excited  n^^chines  may  be  subdivided  into  series-wound  ma- 
dynamot.    ^hines,  in  which  the  circuit  of  the  field  magnets  is 
connected  in  series  with  the  circuit  of  the  armatures; 
and  shimt-wound  machines,  or  machines  that  have 
Series.       their  field  magnets  connected  with  the  main  ter- 
2SSt?'      minals,  or,  in  other  words,  placed  in  a  shunt,  or 
cMDpMmd^  additional  circuit,  with  the  external  circuit ;  and  com- 
d^S^    pound-wound  machines,  or  those  whose  field  mag- 
nets are  partly  series-wound  and  partly  shunt-wound. 

In  addition  to  the  above  classes  dynamos  may  be 
divided  into  different  classes  according  to  the  num- 
ber of  poles  employed  in  the  field  magnets,  for  ex- 
a^SM^Mau-  ample,  bipolar  machines,  are  those  whose  field  flux 
S^l^os.  is  obtained  from  field  magnets  having  but  two  poles ; 
quadripolar  machines  are  those  whose  field  magnets 
have  four  poles;  sextipolar  are  those  having  six 
poles;  octopolar  are  those  having  eight  poles,  etc. 
All  machines  whose  field  magnets  have  more  than 
two  poles  are  sometimes  called  multipolar  machines. 

D)mamos   may   also   be   divided   into   different 

classes  according  to  the  character  of  their  armatures. 

Still  another  classification  is  based  on  the  character 

of  the  work  the  d)mamo  is  intended  to  perform,  such, 

Arc-iight    for  example,  as  arc-light  generators  or  d)mamos, 

generators.  ^^  ^hose  intended  to  supply  currents  to  arc  lights ;  in- 

incandes-   candesceut-Hght  generators,  or  those  supplying  cur- 

gScSSok  rttits  to  incandescent  lights ;  plating  generators,  or 

those  intended  to  supply  currents  for  electro-metal- 
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lui^cal  operations;  generators  for  producing  the 
current  required  to  drive  motors;  telegraphic  gen- 
erators, or  those  employed  for  systems  of  td^japhic 
ocHnmunication ;  therapeutic  generators,  or  those  em- 
ployed by  physicians  for  the  purpose  of  curing  2^ 
diseased  conditions  of  the  human  body;  and  weld- 
ing generators,  or  those  employed  for  producing 
the  large  currents  required  in  systems  of  heating 
metals  to  temperatures  at  which  they  can  be  elec- 
trically welded  together. 

Among  the  different  dynamos  invented  by  Fara- 
day, one  produced  by  him  at  a  much  later  date  than 


Fig.  2. — ^Faraday's  Simple  Conducting  Loop  Dynama  Note  that  as 
the  rectangular  circuit  W  is  rotated  in  the  earth's  flux,  it  is  alternately 
filled  with  and  emptied  of  flux,  and  therefore  has  £.M.F.'s  generated 
in  it.  These  E.M.F.'s  are  commuted,  or  caused  to  flow  in  one  and 
the  same  dtrecttoo,  by  means  of  the  two^art  commutator  at  C 


tiie  disk  dynamo  already  described,  consisted  of  a  rec- 
tangle of  copper  wire  W,  Fig.  2,  arranged  so  as  to 
be  capable  of  rotation  around  a  horizontal  axis.  In  ^'^^SSi^ 
tfiis  early  form  of  machine  there  were  no  field  mag-  J^uno. 
nets  employed,  Faraday  having  devised  the  apparatus 
for  the  purpose  of  demonstrating  the  possibility  of 
generating  electric  currents  by  the  rotation  of  a  con- 
ducting loop  in  the  earth's  field.  When  this  conduct- 
ing loop  was  rotated  about  a  horizontal  axis  placed 
east   and  west,   and   rotated   in   the  earth's   flux, 
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E.M.F.'s  and  currents  were  generated  in  it.  When 
suitably  provided  with  field  magnets  and  a  commu^ 
tator,  this  early  machine  corresponds  to  a  type  of 
dynamo  generally  employed  to-day.  We  will,  there- 
fore, examine  somewhat  closely  into  the  general 
character  of  the  E.M.F.'s  it  produces  by  dynamo- 
electric  induction  when  rotated  in  a  bipolar  field. 

Take,  for  example,  the  single  loop  of  conducting 
?f'SSSS  wire,  A  B  C  D,  Fig.  3,  so  mounted  as  to  be  ca- 
^m^d^  pable  of  rotation  on  a  horizontal  axis  between  the 
iDBto^ia  poles  S  and  N  of  the  magnet  in  the  direction  indi- 
SSS"      cated  by  the  large  feathered  arrow.     Suppose  the 


— Dfnuno-Electric  Inductioo  in  •  uncle  Coodnctuis  Loop. 
t  the  li>op  when  in  a  Tcrtical  position  conttinj  the  c^eatcst 
i  mignetic  flux.     When  it  begina  to  move  the  flux  begins  to 


loop  be  placed  at  first  in  the  vertical  plane  directly 
midway  between  the  poles  of  the  magnet.  In  this 
position  the  number  of  lines  of  magnetic  force  that 
pass  through  it  from  right  to  left;  i.e.  from  the 
north  to  the  south  magnet  pole,  will  be  a  maximum, 
and,  as  the  loop  moves  through  90°  to  the  horizon- 
tal position,  the  lines  of  magnetic  force  will  pour  out 
of  the  loop  and  will  continue  to  decrease  to  zero  or 
nothing  until  the  horizontal  position  is  attained.  On 
continuing  the  rotation  the  number  of  lines  of  force 
again  beg^n  to  pass  through  the  loop,  but  now  in 
the    opposite  direction,  and  the  number  so  passing 
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continue  to  increase  until  the  loop  has  moved  through 
90°  additional,  or  180°  from  its  first  position,  and 
is  again  in  the  vertical  position.  Since  these 
latter  lines  of  force  have  a  negative  direction  to  the 
first,  they  induce  E.M.F/s  in  the  same  direction 
as  at  the  first.  Therefore,  during  the  motion  of 
the  loop  from  its  position  of  rest  in  the  vertical  posi- 
tion through  one-half  turn,  until  it  again  reaches  the 
vertical  position,  the  E.M.F.'s  generated  will  have 
the  same  direction.  During  the  last  half  turn,  how- 
ever, until  the  loop  again  reaches  the  position  it  had 
when  started,  they  will  be  oppositely  directed.  The 
direction  of  the  E.M.F.'s  and  current  in  the  loop 
will  be  that  indicated  by  the  direction  of  the  small 
arrows;  viz.,  from  the  back  to  the  front  in  the  part 
of  the  loop  which  is  rising  to  the  left,  and  from  the 
front  to  the  back  in  that  part  which  is  descending 
on  the  right.  During  the  motion  of  the  loop 
through  the  remaining  half  turn,  the  E.M.F.  and 
current  will  be  oppositely  directed.  Consequently, 
electric  currents  will  flow  through  the  rectangle 
during  each  complete  rotation  in  the  magnetic  field, 
in  one  direction  through  the  first  half  of  its  rotation, 
and  in  the  opposite  direction  through  the  remaining 
half  of  its  rotation. 

If  it  be  desired  to  produce  direct  currents  from 
any  machine,  that  is,  currents  that  flow  in  one  and  ,  .     , 

-  -.  .  «  mm       Action  of 

the  same  direction,  a  commutator  must  be  used  for  two-part 

-I,  commutsi- 

the  simple  armature  shown  in  Fig.  3.  Such  a  tor. 
commutator  would  consist  of  a  hollow  cylinder,  cut 
into  two  equal  parts  and  mounted  as  shown  in  Fig. 
3,  on  the  outer  surface  of  a  cylinder  of  hard  rub- 
ber, or  other  suitable  insulating  material.  One  of 
the  ends  of  the  conducting  loop  is  connected  with 
one  of  these  metallic  segments,  and  the  other  end 
with  the  other  segment.     If  now,  collecting  brushes. 
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B  B^  Fig.  4,  be  caused  to  press  against  these  com- 
mutator s^ments  in  the  vertical  line  of  the  gap  be- 
tween the  poles,  corresponding  to  the  vertical  gap 
between  the  commutator  segments,  the  currents  gen- 
erated in  the  loop  will  be  caused  to  flow  in  one  and 
the  same  direction,  since  the  ends  of  the  loop  are  con- 
nected respectively  with  the  positive  and  n^^ative 
brushes  only  as  long  as  these  ends  remain  positive 
and  negative,  that  is,  during  one-half  rotation.  As 
soon  as  the  ends  of  the  loop  become  respectively 
negative  and  positive,  that  is,  at  the  beginning  of  the 
second  half  of  the  rotation,  the  segments  with 
which  they  are  connected  are  caused  by  the  rota- 
tion  to  change  over  to  the  n^;ative  and  positive 
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Fig.  4. — ^Action  of  Two-part  Commutator.  Note  the  fact  that  each 
half-segment  of  the  two-part  commutator  only  remains  in  contact  with 
the  same  collecting  bmsh  for  one-half  of  a  complete  rotation. 

brushes  of  the  commutator,  respectively.  Conse- 
quently, the  brushes  continue  respectively  positive 
and  negative  for  rotation  after  rotation,  or  the  cur- 
rent is  caused  to  flow  in  one  and  the  same  direction 
through  the  external  circuit  connected  with  the  col- 
lecting brushes. 

Faraday  thus  describes  the  action  of  the  simple 
two-part  commutator  shown  in  the  two  preceding 
figures: 

"The  apparatus  which  carries  these  rectangles, 
twcpS*  and  is  also  the  commutator  for  changing  the  induced 


commuta^ 


tor.  currents,  consists  of  two  uprights,  fixed  on  a  wooden 

stand,  and  carrying  above  a  wooden  horizontal  axle. 
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(Mie  end  of  which  is  furnished  with  a  handle,  while 
the  other  projects,  and  is  shaped  as  in  Fig.  4  (our 
Fig.  5.  It  may  there  be  seen  that  two  semi-cylin- 
drical plates  of  copper,  a,  b,  are  fixed  on  the  axle, 
forming  a  cylinder  round  it,  except  that  they  do  not 
touch  each  other  at  their  edges,  which  therefore  leave 
two  lines  of  separation  on  opposite  sides  of  the  axle. 
Two  strong  copper  rods,  0.2  of  an  inch  in  diameter, 
are  fixed  to  the  lower  part  of  the  upright  c,  termi- 
nating there  in  sockets  with  screws  tor  the  purpose 
of  receiving  the  ends  of  the  rods  proceeding  from  the 
galvanometer  cups :  in  the  other  direction  the  rods 
rise  up  parallel  to  each  other,  and,  being  perfectly 


Fig.  s- — Faixdtj't  DEKTiplion  of  Action  of  Two-put  Conunntilor. 

straight,  press  strongly  against  the  curved  plates  of 
the  commutator  on  opposite  sides;  the  consequence 
is  that,  whenever  in  the  rotation  of  the  axle,  the  lines  SS^Viton 
of  separation  between  the  commutator  plates  arrive  ^iJ^ulS-"' 
at  and  pass  the  horizontal  plane,  their  contact  with  **"■ 
these  bearing  rods  is  changed,  and,  consequently,  the 
direction  of  the  current  proceeding  from  these  plates 
to  the  rods,  and  so  on  to  the  galvanometer,  is 
changed  also.    The  other  or  outer  ends  of  the  com- 
mutator plates  are  tinned,  for  the  purpose  of  bang 
connected  by  soldering  to  the  ends  of  any  rectangle 
or  ring  which  is  to  be  subjected  to  experiment." 

In  actual  practice  the  points  on  the  surface  of  the 
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brushes. 


commutator,  where  the  collecting  brashes  must  rest, 
in  order  best  to  carry  oflf  the  current  generated,  do 
not  lie  in  the  vertical  line  coinciding  with  that  of  the 
mmtt  Se'**^  g^p  bctwecu  the  magnet  poles.  The  reason  for  this 
o^TiMt^  change  of  position  is  that  during  rotation  the  direc- 
tion of  the  lines  of  magnetic  force  is  considerably 
changed,  owing  to  the  action  of  the  magnetizing  cur- 
rent in  the  armature,  so  that,  instead  of  the  line  of 
greatest  density  of  magnetic  jflux  being  situated  di- 
rectly along  the  horizontal  line  joining  the  centres  of 
the  two  opposite  magnet  poles,  it  is  considerably 
shifted  frcon  this  position,  as  is  indicated  in  a  repre- 
sentation of  such  hnes  of  force  taken  by  means  of 
iron  filings,  and  shown  in  connection  with  Fig.  6. 


Fig.  6. — ^Distortion  of  Magnetic  Flux  in  Bipolar  Field,  showing  why 
the  collecting  brushes  must  be  displaced  in  the  direction  in  which  the 
armature  is  being  turned  or  rotated. 


Diameter 
of  commu- 
tation. 


It  is  for  this  reason  that  the  commutator  brushes 
must  be  given  a  lead,  or  displacement  in  the  direction 
of  rotation,  so  that  the  diameter  of  commutation  is 
considerably  changed.  As  shown  in  the  figure,  this 
change  in  the  diameter  of  commutation  has  carried 
it  nearly  at  right  angles  to  its  theoretical  position. 


Amatufe 
loops. 


In  order  to  increase  the  value  of  the  E.M.F.'s  gen- 
erated in  the  conducting  loop,  more  than  a  single 
turn  of  wire  is  generally  employed,  as  is  shown  at  the 
left-hand  side  of  Fig.  7,  where  two  turns  are  rep- 
resented. In  practice  a  number  of  turns  are  gen- 
erally employed. 
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The  armature  coils  or  conducting  loops  of  wire 
are  wound  on  the  surface  of  a  cylinder,  drum,  or^^j^S?- 
ring.     Such  armatures  are  called  cylindrical,  drum,  "'™- 
and  ring  armatures  respectively,  from  the  shape  of 


Fic.    J. — Tva-pait   Commutator   connected   teapectivel]r   to   two   and 

five  conducting  armature   loopt.     The  commatator  aegmenta  aie   repre- 
•ented  at  A  and  A'. 

their  cores.    An  armature  loop  or  coil  consisting  of 
five  separate  turns  of  wire  wound  on  the  surface  senc 
of  a  ring-shaped  core  is  shown  at  the  right  hand  of  ^. 
Fig.  7.     Generally,  however,  instead  of  employing  «iK 
only  a  single  coil  wi  ring  armatures,  two  separate 


Fic.  8. — Multiple  connectioD  of  two  separate  coils  to  segments  of 
Two-part  Commutator.  Note  the  direction  of  the  winditiEE  oE  the  two 
diametricalljr  opposite  coila. 

coils  are  wound  on  opposite  sides  of  the  ring,  as 
shown  in  Fig,  8.  Such  coils  may  be  connected 
either  in  series  or  in  parallel.  As  shown  in  Fig.  8, 
the  connection  of  the  two  opposite  coils  is  in  parallel. 
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Where  a  two-part  conunutator  is  employed,  al- 
though the  currents  generated  in  the  coils  are  caused 
to  flow  in  one  and  the  same  direction,  yet  they  are 
not  of  the  same  strength  throughout  all  the  rotation 
muwted     of  the  armature.     If,  for  example,  a  single  pair  of 
"■••"jMd  of  coils  be  employed,  the  current  strength  would  un- 
v^o™     dergo  marked  changes  during  each  rotation  of  the 
armature,  since  twice  during  each  rotation  the  cur- 
rent would  begin  with  no  strength,  and  would  rise 
to  a  maximum  value,  and  then  decrease  again  to 
no  strength.     In  order  to  avoid  the  variations  re- 
sulting in  the  strength  of  the  current  generated, 
commutators   are  employed  containing  a   greater 
number  of  segments  than  the  two-part  commuta- 
tors represented  in  the  preceding  figures.     If,  for 


example,  the  coils  C  C  and  C  C,  Fig.  9,  wound 
on  a  drum  core,  be  connected  as  shown  to  the  seg- 
ments I,  2,  3,  and  4,  of  the  four-part  commutator, 
and  brushes  B  and  B'  be  placed  as  indicated,  the  coils 
will  be  connected  in  a  single  closed  circuit.  Now, 
as  these  coils  are  arranged  so  that  one  set  will  be 
in  the  position  of  best  action,  while  the  other  set  are 
in  the  position  of  poorest  action,  since  -hey  are  con- 
nected in  a  single  circuit,  they  will  produce  a  current 
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that  will  have  less  marked  changes  in  its  strength 
than    if    a   two-part   commutator   were  employed,  panuki 
Two  different  sets  of  coils  wowid  on  a  ring-arma-  S^SSf" 
ture,  and  so  joined  or  connected  as  to  be  in  parallel,  ^;^i^ 
are  represented  in  Fig.  lo.     In  actual  practice  a 


great  number  of  separate  coils  are  wound  on  the 
surface  of  armature  cores  of  different  shapes,  and 
connected  to  commutators  containing  a  number  of 
separate  segments  that  correspond  to  the  sqKtrate 


a)ils  and  their  connections.  In  this  way  a  current 
of  practically  uniform  strength,  as  well  as  uniform 
direction,  is  obtained. 

Sometimes  ring  armatures  are  wound  with  a 
number  of  separate  coils,  as  in  Fig.  ii,  which  itp- 
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resents  a  form  of  armature  first  introduced  by  Paci- 
Gramme-^'  notti,  and  aftcrward  greatly  improved  by  Gramme, 
IrtSuure!*"^  and  now  generally  known  as  the  Gramme  armature. 
In  this  armature  separate  coils  are  wound  on  the  sur- 
face of  the  ring  and  connected  in  series.  The  points 
of  connection  of  contiguous  coils  are  then  joined 
to  separate  segments  of  a  multi-part  commutator, 
containing,  therefore,  as  many  separate  segments 
as  there  are  points  of  connection  between  the  sepa- 
rate coils.  The  brushes  in  this  figure  are  given  a 
lead,  thus  showing  that  the  diameter  of  commuta- 


Fzo.  12. — Gramme  Ring- Armature  in  Bipolar  Field,  showing  the  direc- 
tion of  the  currents  induced  in  the  separate  coils. 

tion  has  been  displaced  during  rotation,  in  the  man- 
ner already  described. 

During  the  rotation  of  a  ring  armature  in  a  bi- 
Direction    polar  field,  the  E.M.F.'s  are  generated  in  the  coils 
in  Gramme  in  the  direction  indicated  by  the  small  arrows  of 
ture  coils.   Fig.   12.      Here  the  coils  are  numbered,  consecu- 
tively from  I  to  24.     Practically  no  currents  are 
generated  in  coils  6,  7,  and  8,  and  18,  19,  and  20, 
but  the  E.M.F.'s,  and  consequently  the  currents, 
produced  in  all  the  active  coils  on  the  right-hand 
side  of  the  vertical  line  B  B',  the  diameter  of  com- 
mutation, flow  in  the  same  direction,  while  those  on 
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the  left-hand  side  are  oppositely  directed  Conse- 
quently, if  collecting  brushes  are  placed  against  the 
segments  in  the  position  shown  in  Fig.  12,  these 
oppositely  directed  E.M.F/s  and  currents  will  act]^^, 
as  indicated  in  Fig.  13,  which  shows  two  series- 
connected  voltaic  battenes  coupled  together  in  paral- 
lel; or,  in  other  words.  B  and  B'  become  respec- 
tively the  x>ositiye  and  the  negative  terminals  of  the 
series. 

A  Granmie-ring  dynamo,  as  actually  constructed 
by  the  inventor,  is  represented  in  Fig.  14.     Here 


FlG.  13. — Comiectioa  of  two  Serie^connccted  Voltaic  Batteries,  ihow- 
inff  analogy  to  coimection  of  aeriea-connccted  coils  on  opposite  halvea 
of  Gramiue'womid  armature. 

the  ring  armature  is  rotated  in  the  bipolar  field  pro- 
duced by  a  permanent  horseshoe  compound  magnet.  ^ 
It  is  provided  with  a  commutator  consisting  of  many  electric 


separate  segments.  A  single  pair  of  'collecting  Gramme 
brushes  carry  off  the  currents  produced  in  the  arma- 
ture to  the  external  circuit,  in  which  they  are  to  be 
employed.  In  the  particular  form  of  dynamo  rep- 
resented in  this  figure,  the  armature  is  rotated  by 
hand,  but  in  large  Gramme-ring  machines,  a  steam 
engine,  capable  of  exerting  a  mechanical  power  of 
many  horse-power,  is  required. 

A  great  number  of  separate  commutator  seg- 
ments are  generally  employed  in  modem  Gramme- 
wound  ring^armatures.    For  example,  the  armature 
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in  Fig.  15  contains  many  sq>arate  coils  wound  on 
the  surface  of  a  ring-shaped  core  connected  with  the 


Gramme; 


separate  commutator  segments.       In  this  f^^re  is 

IE  shown  the  arrangement  of  the  commutator  end  of 

the  armature,  as  seen  on  the  right-hand  side  of  the 


:    for    DTiuma-Elecl 


figure,  and  of  the  pull^  end  as  seen  on  the  left-hand 
side.     Here  the  pulley  has  been  removed  so  as  to  en- 
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able  the  details  of  the  cmstruction  and  winding  to 
be  more  readily  examined. 

A  dynamo  of  the  bipolar  type  is  represented  in 
Fig.  i6.     Here  a  pulley  P  is  provided  so  that  the 

armature  A  can  be  rotated  bctwen  the  poles  P,  P, 
and  the  field  magnets  M,  M.     A  pair  of  collectii^d) 
brushes  B  rest  against  the  surface  of  the  cwnmu- 
tator  at  C,  at  points  diametrically  opposite  each 


Pic.   16. — BtpoUr   Droamo- Electric   Hachinc     Note   tbc  "«""»*  in 

which  the  (upponi  for  ilie  driving  (haft  and  the  pote  piecei  of  th« 
inaKTiet  fmna  arc  mounted  on  the  cut-iron  bale  plate. 

other.  The  positive  and  negative  brushes,  respec- 
tively, consist  of  three  separate  brushes,  each  elec- 
trically connected  together.  The  collecting  brushes 
are  supported  by  a  device  called  a  brush  holder,  by 
means  of  which  they  can  be  shifted  to  different  parts 
of  the  commutator  surface.  The  axis  of  the  shaft 
on  which  the  armature  and  commutator  are  mounted 
is  provided  with  bearings  that  are  suitably  oiled  to 
prevent  friction.  The  main  terminals  of  the  ma- 
chine are  seen  at  T.  T,  connected  to  the  brushes. 
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as  is  seen  in  the  figure,  by  means  of  flexible  cables 
consisting  of  many  separate  strands  of  copper  wire. 
These  cables  pass  from  the  brushes  to  the  terminals 
in  the  manner  shown  in  the  figure.  The  machine  is 
mounted  as  shown  on  a  heavy  base  plate. 
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CHAPTER   II 


SOME    LOSSES    IN    DYNAMOS 

"The  difference  between  the  value  of  the  output  and  intake 
IS  to  be  traced  to  certain  losses  which  occur,  whereby  energy 
is  uselessly  expended  in  the  machine,  and  does  not  appear  in 
the  external  circuit." — Electrical  Engineering  Leaflets:  Hous- 
ton AND  Kennelly 

O  matter  how  well  a  dynamo-electric  machine 
may  be  designed  and  constructed,  there  are 
certain  losses  which  necesssarily  occur  and 
which  prevent  the  output  from  equalling  the  intake,  dynfmo^^ 
In  the  first  place,  the  current  which  flows  through  f,^!^'^"^^ 
the  coils  of  wire  on  the  field  magnets  and  the  arma-  *°^^*- 
ture  necessarily  produces  a  certain  amount  of  heat, 
due  to  the  resistance  offered  by  the  conductor.    The 
energy  expended  to  produce  this  heat  is  lost  to  the 
circuit,  and,  consequently,  renders  the  output  less 
than  the  intake. 

The  amount  of  heat  produced  in  any  circuit  by  an  phmic  re- 
electric  current  flowing  through  it  and  overcoming  cS^t^  ^^ 
the  resistance  due  to  the  length  and  area  of  cross- ^*^"**** 
section  and  the  character  of  the  material  of  which 
it  is  composed,  and  generally  called  its  ohmic  re- 
sistance, is  directly  proportional  to  the  amount  of 
this  resistance,  and  to  the  square  of  the  current  Effect  of 
strength.    If  a  current  of  a  given  strength,  in  pass-  SsSSirand 

•  ■1  «**j<**  •   1  J  current 

mg  through  a  circuit  of  a  given  resistance,  produces  stren^h  on 
a  certain  amount  of  heat,  should  the  resistance  be8eJfdc-° 
doubled  and  the  current  strength  remain  the  same,  drcmt. 
the  amount  of  heat  produced  will  be  doubled.     If, 
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however,  while  the  resistance  remains  the  same,  the 
current  strength  be  doubled,  the  amount  of  heat  will 
be  increased  fourfold.  This  loss  of  energy  of  the 
current  is  dissipated  as  heat. 

Besides  the  loss  due  to  the  ohmic  resistance  of  the 
circuit,  there  is  a  loss  produced  by  the  fact  that  the 
masses  of  metal  in  a  dynamo  have  E.M.F.'s,  and, 
consequently,  currents,  produced  in  them,  due  to 
the  variations  in  the  intensity  of  the  magnetic  flux 
which  passes  through  them.  In  this  way  electric 
currents  are  set  up  in  the  ifon  masses  of  the  pole 
pieces,  and  the  armature  cores,  as  well  as  in  the 
Bddy,  mass  of  the  copper  conductors  on  the  armattire. 
SiSJStfer  Such  electric  currents  are  called  eddy  or  Foucault 
currents,  curreuts.  Since  they  produce  no  useful  effects  in 
the  machine  they  are  sometimes  called  parasitical 
currents.  As  we  shall  shortly  see,  such  currents  not 
only  diminish  the  output  of  the  machine,  from  the 
fact  that  they  require  an  expenditure  of  energy  to 
produce  them,  but  they  also  act  in  other  ways  to  de- 
crease this  output. 

In  the  production  of  eddy  currents,  as  in  the  pro- 
duction of  the  useful  currents  set  up  in  the  arma- 
ture, the  strength  of  the  currents  depends  on  the  rate 
of  change  at  which  the  magnetic  flux  passes  through 
Eddy        the  metallic   masses.      Consequently,   when   eddy 
^SSSed  currents  are  set  up  in  the  pole  pieces,  they  will 
pi«£i%f     possess  the  greatest  strength  in  those  parts  of  the 
^^°*"**^    poles  pieces  where  the  greatest  variation  in  the  mag- 
netic strength  occurs.    This  will  be  near  those  cor- 
ners of  the  pole  pieces  from  which  the  armature 
is  moved  during  its  rotation.     A  graphic  repre- 
sentation of  Foucault  currents  in  the  pole  pieces  of 
a  dynamo  is  shown  in  Fig.    17.     Such  currents 
penetrate  into  the  mass  of  iron,  though  not  to  a 
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very  great  depth.  The  pole  pieces  of  some  types  of 
dynamo  are  laminated  so  as  to  prevent  these  cur- 
rents from  obtaining  any  considerable  strength ;  or, 
instead  of  laminating  the  pole  pieces,  these  masses 
or  iron  are  grooved  or  slotted  for  the  same  purpose. 

In  the  same  manner  the  setting  up  of  powerful 
eddy  or  Foucault  currents  in  the  iron  cores  of  the  L«aiiiudDa 
armatures  may  be  avoided  as  follows:  Instead  ofor^ltS!!^'"* 
formmg  these  of  one  continuous  mass  of  iron,  they 
are  laminated  or  built  up  of  separate  pieces.     This 
is  done  by  placing  together  a  number  of  separate 


coret. 


Fig.  17. — RepreaeiiUtion  of  Eddy  Currentt  generated  in  Pole  Pieces 
of  Dynamo.  Note  that  these  currents  flow  in  short  closed  circuits  of 
comparatively  small  resistance.  Henoe  the  current  strength  is  large 
and  the  heating  effects  pronounced. 


sheets,  plates,  or  wires,  so  as  to  produce  a  core  of 
the  required  shape.    The  separate  wires  or  bundles 
were  originally  insulated  from  one  another  by  sheets 
of  paper,  or  by  varnish  applied  to  the  outside.    The 
use  of  paper  sheets  was  objectionable  because  it  not 
only  introduced  into  the  mass  a  substance  which  was 
not  as  readily  penetrated  by  the  magnetic  flux  as 
was  the  iron,  but  also,  unlike  the  iron,  was  unable 
to  add  any  of  its  own  flux  to  the  circuit.     It  hasJinSo? 
been  found  in  practice  that  the  thin  coating  of  oxide  ^J[u*y"J5t 
of  iron  that  is  formed  on  the  thin  plates  of  sheet  f^SSiated 
iron   employed    for   the   separate   laminae,    during 
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Direction 
of  lamina- 
tion. 


manufacture,  afford  a  sufficient  insulation,  without 
the  introduction  of  either  paper  or  varnish. 

The  direction  of  the  laminations  of  the  core  of  the 
armature  should  be  in  planes  at  right  angles  to  the 
armature  coils,  or  in  planes  parallel  to  the  direction 
of  the  lines  of  magnetic  force  or  parallel  to  the  mo- 
tion of  the  armature.  In  other  words,  in  armature 
cores  the  lamination  should  be,  in  general,  in  planes 
at  right  angles  to  the  currents  that  would  other- 
wise be  generated  in  them.     For  the  same  reason 
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Fig.  x8. — ^Diagranmuitic  representaticoi  of.  effect  of  lamination  of 
annature  cores  on  the  production  of  eddy  currents.  Note  that  at  B 
the  armature  core  is  formed  of  a  8]>iral  -  winding  of  sheet-iron  ribbon, 
while  at  C  the  armature  is  Umuniated' bj  being  built  up  of  sheet  disks. 

the  pole  pieces  should  be  divided  in  planes  perpen- 
dicular to  the  direction  of  the  currents  in  the  arma- 
ture wires. 


Manner  in 
which  lam- 
ination of 
armature 
core  in- 
fluences 
the  setting 
up  of  eddy 
currents. 


When  the  armature  core  is  laminated  in  this  man- 
ner, the  eddy  currents  are  confined  to  the  section  of 
each  disk,  sheet,  plate,  or  wire.  If  A,  Fig.  i8,  rep- 
resents an  armature  core  formed  of  a  solid  mass  of 
iron,  and  mounted  so  as  to  be  capable  of  rotation  in 
the  quadripolar  field  N^,  S^,  N^,  S^,  then  the  gen- 
eral direction  of  the  magnetic  flux  through  the  mass 
of  iron  will  be  that  represented  by  the  arrows  in  the 
cross-section  of  this  solid  iron  core.  As  shown  at 
A,  the  arrows  indicate  the  direction  of  the  eddy  cur- 
rents in  the  solid  mass.    At  B  is  shown  a  cross-sec- 
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tion  where  laminations  are  made  in  a  direction  paral- 
lel to  the  axis  of  the  armature.  Here  the  arrows 
show  the  direction  of  the  eddy  currents  as  being' 
limited  to  the  cross-section  of  each  separate  part 
of  the  laminae.  If  in  such  a  core  the  magnetic  fiux 
passes  through  the  ring  from  the  lop  to  the  bottom, 
a  considerable  resistance  will  be  experienced  while 
the  flux  is  endeavoring  to  pass  through  the  minute 
air  spaces  between  the  separate  laminae.  In  the  cross- 
section  shown  at  C,  the  armature  is  laminated  in 
planes  perpendicular  to  the  axis,  that  is,  is  built  condi 
up  of  separate  sheet  disks.     Here,  as  before,  the 


eddy  currents  are  limited  to  the  cross-section  of  each 
lamina,  while  the  magnetic  flux  can  pass  directly 
through  the  mass  of  each  lamina. 

The  lamination  of  the  armature  core  of  a 
Gramme-ring  is  shown  in  Fig.  19.  Here  the  core 
is  formed  by  winding  a  long  soft  iron  wire  in  the 
form  of  a  closed  ring,  whose  outlins  shall  be  that 
of  the  armature  core,  and  whose  cross-section  is 
that  indicated  in  the  figure  at  A  and  B,  where  the 
Gramme-ring  has  been  cut  in  order  to  show  the 
details  of  its  construction.     Here,  as  will  he  seen. 
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the  sqarate  coils  are  wound  around  the  ring  so  that 
the  direction  of  the  armature  winding  is  directly 
across  the  direction  of  the  iron  wire  of  the  core. 

The  lamination  of  the  core  of  a  cylindrical  arma- 
ture is  shown  in  connection  with  Fig.  20.  Here 
the  core  is  built  up  by  assembling  a  number  of  core 
disks  on  the  axis  or  armature  shaft,  so  that,  when 
assembled,  they  shall  form  an  iron  core  divided  or 
laminated  in  planes  at  right  angles  to  the  axis  of 
rotation. 

Besides  the  loss  in  the  output  of  a  dynamo-electric 
machine,  due  to  the  wasteful  expenditure  of  energy 


— LamiaMed  ArtDtlnrt   Core,  fotiBcd  by  ■epuMc  cOtE  dnln. 
M   Uk  anntore    ibail.     Here   tbe   lauinitian*  an  *t   rigl* 
■nsla  to  tbe  wire  in  tht  txmtttat  coik. 

required  to  set  up  the  eddy  currents,  there  is  a  loss 
caused  as  follows:  When  the  eddy  currents  are 
S'S^tic  powerful,  they  tend  to  set  up  a  magneto-motive 
ara^Die    force  that  opposes  the  production  of  magnetic  flux 
b?t*?y  *^  by  the  field  magnets,  so  that  the  presence  of  power- 
SSSSe"  ful  eddy  currents  in  the  armature  core  may  thus 
*™*'         shield  some  of  the  conductors  in  the  armature  from 
the   magnetic    flux,    and,    therefore,    decrease   the 
amount  of  useful  current  produced  in  the  armature. 
Moreover,  in  addition  to  this,  the  increase  in  tem- 
perature of  the  armature  core,  produced  by  the  pres- 
ence of  eddy  currents  in  it,  raises  the  ten^ierature 
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of  the  conductors  on  the  armature,  and  thus,  by  in- 


creasing their  resistance,  increases  the  amount  ofh^ui^^'^ 
loss  due  to  the  passage  of  the  current  through  the^ST^ 
armature  wire  in  overcoming  its  ohmic  resistance,  mu.*^* 

It  is  a  mistaken  idea  that  the  armature  of  a  per- 
manent magnet  is  not  to  be  withdrawn  suddenly 
from  die  poles  lest  such  sudden  withdrawal  weaken 
its  strength.    On  the  contrary,  the  more  suddenly 
the  armature  is  withdrawn,  the  better  will  it  be 
for  the  strength  of  the  magnet ;  for,  when  it  is  sud*  ttreoffUi- 
denly  removed,  the  magnetic  flux,  produced  by  themdden^ 
Poucault  currents  that  are  thus  set  up  tends  to  in- of  its  m*. 
crease  the  strength  of  the  magnetism.    Silvanus  P.  '^^ 
Thompson  gave  the  following  explanation  of  this 
effect  at  the  International  Conference  of  Electricians, 
held  in  Philadelphia,  in  1884: 

"To  explain  these  facts,  and  their  mutual  rela- 
tion, I  must  relate  one  other  observation  which  I 
have  made,  and  which  connects  both  sets  of  facts. 
.  .  .  Suppose  you  take  a  horseshoe  magnet,  having 
the  usual  armature  or  'keeper'  of  iron.     You  can 
purchase  such  an  instrument  of  any  optician,  who 
will  probably  give  you  instructions  never  to  pull  the 
armature  off  suddaily  for  fear  you  injure  the  mag- 
netism.   He  could  not  possibly  give  you  worse  di- 
rections.    Take  such  a  magnet  and  try  what  the 
effect  really  is.    Fasten  it  down  upon  a  board  with 
brass  screws,  and  fix  a  magnetometer  near  it — ^afhompwn 
common  compass  will  answer — ^and  notice  how  much  wdden 
the  magnet  pulls  the  needle  round.    Then  put  on  the  of  anwir* 
armature,  by  placing  it  at  the  bend  of  the  magnet; JS£^^ 
draw  it  slowly  to  its  usual  position,  and  suddenly  £gnetf°^ 
drag  it  off.    You  will  find  that  by  this  action  your 
magnet  will  have  grown  stronger.    Do  this  twenty 
times,  and  you  will  make  it  considerably  stronger. 

I  have  made  a  magnet  1.2  per  cent  stronger  by  put- 

Voi.  n.— 8 
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ting  on  the  armature  very  gently  and  pulling  it  off 
suddenly.  If  you  reverse  the  operation,  by  letting  the 
armature  slam  suddenly  against  the  poles  and  then 
detaching  it  gently,  you  will  find  that  the  magnetism 
will  go  down.  I  have  made  magnets  lose  1.3  to  2.1 
per  cent  in  this  way.  Why  does  this  occur?  How 
does  it  explain  the  two  phenomena  noticed  just  now  ? 
o/^JSnI^"  If  you  suddenly  take  away  a  piece  of  iron  from  a 
probilm!^*  magnet,  you  do  work  against  the  magnetic  attrac- 
tion, and  the  induced  currents  which  are  set  up  in  the 
iron  or  steel  of  the  magnet  are  always  (as  we  know 
from  Lenz's  Law)  in  such  a  direction  as  to  oppose 
the  motion ;  that  is  to  say,  they  are  in  such  a  direc- 


FiG.  a  I. —Horns  of  Dynamo,  illustrating  the  poles  of  a  dynamo,  and 
motor,  respectively,  that  are  strengthened  by  the  sudden  withdrawal  of 
armature. 

tion  as  will  make  the  magnet  pull  more  strongly 
than  before.  By  suddenly  detaching  the  armature, 
we  magfnetize  the  magfnet  more  strongly  than  be- 
fore, by  means  of  currents  circulating  within  its  own 
mass  and  within  the  mass  of  the  armature.  In  the 
reverse  motion,  when  you  allow  the  armature  to 
slam  up,  there  are  induced  currents  which  are  in 
such  a  direction  as  to  oppose  the  motion  of  slam- 
ming; they,  therefore,  decrease  the  magnetism  of 
the  magnet.  Apply  this  to  the  dynamo  and  to  the 
motor.  You  magnetize  more  highly  by  pulling  off 
the  armature.  That  is  precisely  what  is  occurring 
in  the  field  when  the  machine  is  being  used  as  a  gen- 
erator.   You  are  dragging  away  the  armature  from 
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the  active  horn  a  (Fig.  21)  of  the  pole-piece,  and 
the  effect  is  to  generate  induced  currents  in  that 
horn.  It  therefore  gets  hot  So  does  the  other 
leading  horn  c,  for  the  very  same  reason.  In  the 
case  of  the  motor  the  horns  b  and  d  are  the  active 
ones,  and  the  armature  is  being  continually  dragged 
up  toward  them,  and  they  get  hot  from  internally 
induced  currents.  It  is  for  this  reason  that  in  my 
Cantor  Lectures  I  recommended  that  pole-pieces 
should  always  be  laminated.  The  presence  of  these 
induced  currents  e3q>lains  the  heating  effect,  and  it 
also  explains  how  it  is  that  when  a  magneto  ma- 
chine is  used  as  a  motor  the  magnet  is  weakened,  and 
when  used  as  a  generator  the  magnet  is  strength- 
ened." 

Another  source  of  loss  in  a  dynamo  arises  from 
the  setting  up  of  eddy  currents  in  the  copper  wires 
or  conductors  on  the  armature  coils.     Such  losses  S^ots  in 
are  not  marked  unless  the  conductor  consists  ofSSSSswr* 
massive  bars  of  copper,  as  in  the  case  of  some  forms  **yn«»<». 
of  d3mamos  employed  to  produce  the  large  currents 
required  in  electric  welding,  or  in  electro-deposition. 
Here,  in  order  to  lessen  the  strength  of  the  eddy 
currents,  instead  of  employing  single  large  conduc- 
tors, each  conductor  is  formed  of  a  couple  of  analler 
wires  connected  in  parallel. 

In  some  forms  of  armature  cores  there  are  deep 
grooves  or  slots  cut  in  the  surface  of  the  armature  Toothed, 
for  the  insertion  of  the  conducting  wires.      Such^*^^ 
armature  cores  are  called  toothed-core  armatures,  SS^^?™*' 
in  order  to  distinguish  them  from  smooth-core  arma- 
tures, or  those  (mi  which  the  conducting  wires  are 
wound  directly  on  the  surface  of  the  core.     A 
toothed-core  armature  is  represented  in  Fig.  22,  in 
three  different  stages  of  its  construction.    At  A  is 
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represented   a  laminated  iron   core,  consisting  of 
>K  separate   disks.       Here   all    the    disks   have   been 
>o  .    assembled,  and    have    formed    a    laminated    core, 
"«■  with    spaces  between  the  radial  projections.      At 
B  is  shown  the  same  armature  core  wound  with 
the  separate  coils  of  wire.       Here  the  wires  are 
placed  in  the  grooves  or  spaces  between  the  projec- 
tions, while  at  C  the  completed  armature  is  repre- 
sented.    The  use  of  a  toothed-core  armature,  how- 
ever, increases  the  strength  of  the  eddy  currents  set 
up  in  the  pole  pieces,  because,  in  the  first  place,  the 
armature  is  thus  brought  hy  the  teeth  nearer  to  the 
face  of  the  poles,  thus  permitting  any  magnetic 
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variation  set  up  in  the  armature  to  produce  eddy 
currents  in  the  pole  pieces.  In  the  second  place,  the 
teeth  in  their  rapid  motion  past  the  pole  pieces,  set 
up  movements  of  magnetic  flux  in  the  polar  sur- 
faces, and  thus  also  tend  to  produce  eddy  currents. 

Toothed-core  armatures  possess  a  number  of 
advantages  over  smooth-core  armatures.  By  de- 
creasing the  clearance  space  or  air  gap  between  the 
surface  of  the  armature  and  the  pole  pieces,  they 
permit  the  flux  of  the  field  magnets  to  act  more  di- 
rectly on  the  armature  wire,  and  thus  produce  a 
greater  output ;  when    sufficiently  deep,  th^  protect 
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the  armature  wire  against  the  formation  of  eddy 
currents;  moreover,  they  enstire  a  better  means  ik 
maintainii^  the  wires  on  the  armature  surface  dur- 
ing rotation,  since  the  drag  comes  on  the  iron  be* 
tween  the  wires,  rather  than  on  the  wires  them- 
selves. 

Another  source  of  loss  in  dynamos  arises  from 
magnetic  friction  or  magnetic  hysteresis  in  the 
masses  of  iron  in  the  armature  core.  In  continuous-  hjSEtSL 
current  machines  this  loss  occurs  only  in  the  arma- 
ture core.  In  alternating-current  machines^  of  some 
types  of  construction,  it  also  occurs  in  the  field- 
magnet  cores. 

In  order  to  magnetize  any  mass  of  iron,  a  certain 
amount  of  energy  must  be  expended.  As  is  now 
generally  believed,  the  iron  is  magnetized  on  the 
passage  of  an  efectric  current  through  the  magnet- 
izing  coils,  by  the  magneto-motive  force  produced  magnednd 
by  the  current  expending  its  energy  in  aligning  the  ^  *'"'*^ 
separate  molecular  magnets  of  which  the  iron  is  sup- 
posed to  consist.  When  the  magnetizing  force  is 
removed  all  these  molecular  magnets  tend  to  return 
to  their  original  positions.  If  they  did  this  com- 
pletely the  magnetism  of  the  iron  would  completdy 
disappear  on  the  removal  of  the  magnetizing  cur- 
rent, and  all  the  magnetic  energy  would  be  returned 
or  restored  to  the  circuit.  In  point  of  fact,  how- 
ever, as  we  have  seen,  they  all  do  not  return  to  their 
original  positions.  Some  of  them  remain  in  their 
new  or  aligned  positions;  or,  in  other  words,  the 
iron  mass  possesses  residual  magnetism.  Conse- Meaning  oc 
quently,  whenever  the  magnetizing  force  is  rapidly  r*^-''^ 
reversed  by  changes  in  the  direction  of  the  magnet- 
izing current,  the  mass  of  iron  tends  to  resist 
changes  in  its  magnetization;  or^  in  other  words, 
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the  magnetization  lags  behind  the  magnetizing  force. 
This  lagging  is  called  hysteresis,  and  the  loss  so  oc- 
casioned is  called  the  hysteretic  loss.  It  decreases 
the  output  of  the  dynamo.  Hysteretic  loss  is  dis- 
sipated in  the  shape  of  heat. 

The  amount  of  the  hysteretic  loss  depends  on  the 

value  of  the  magnetization  produced  in  the  iron 

during  the  changes  in  its  magnetism,  as  well  as  on 

^tl^Mde-  the  number  of  such  changes  that  occur  in  a  given 

S^mS&t  time.     It  also  varies  with  the  quality  of  the  iron. 

Srti/JSi.    Therefore,  in  all  parts  of  d)mamos,  motors,  and 

other  apparatus,  in  which  hysteretic  loss  occurs,  care 

is  necessary  in  the  selection  of  the  iron.    During  the 

revolution  of  the  armature  core  in  a  bipolar  field, 

the  direction  of  the  magnetization  of  the  core  will 

undergo  two  changes  during  each  rotation. 


Loss  from 
air  churn- 
ioff. 


In  addition  to  the  preceding  losses,  there  are 
others  which  arise  entirely  from  mechanical  fric- 
tions. One  source  of  such  losses  is  to  be  found  in 
the  friction  of  the  moving  parts  of  the  machine; 
viz.,  the  armature,  shaft,  pulley  and  commutator, 
against  the  air,  thus  producing  a  variety  of  air 
churning.  This  requires  the  expenditure  of  energy, 
and  so  lowers  the  output.  The  amount  of  this  loss 
is  decreased  as  much  as  possible  by  so  shaping  the 
different  parts  as  to  produce  a  minimum  amount  of 
air  disturbance. 


Prictional 
losses  at 
journal 
bearingrs. 


Another  loss  by  friction  is  that  due  to  the  friction 
developed  by  the  shaft  of  the  machine  as  it  rotates 
on  its  supports  or  bearings,  or,  as  they  are  gen- 
erally  called,  the  journal  bearings.  The  amount  of 
this  loss  is  lessened  by  employing  any  suitable  lubri- 
cating oil  or  other  substance  at  such  bearings,  and 
also  by  the  character  of  the  surface  on  which  the 
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shaft  rests.  This  is  generally  made  of  an  alloy 
called  Babbitt  metal.  In  large  machines  oiling  is 
generally  obtained  hy  means  of  devices  that  auto- 
matically supply  the  oil  to  the  rotating  shaft  Such 
devices  are  called  self-oiling  bearings.  As  repre- 
sented in  Fig.  23,  the  shaft  in  its  rotation  automati- 
cally carries  the  oil  from  a  deep  cup,  placed  below  StiS'^ 
it,  by  means  of  hollow  tubular  rings,  and  pours  it"^^''** 
over  itsdf.  Any  dirt  that  may  get  into  the  oil 
settles  at  the  bottom  of  the  deep  oil  cup.    When 
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ibaft  ahow  tbe  directioD  in  which  it  routes.  The  othtr  trrow*  ihow 
Uk  directioii  of  cnrtents  in  the  oil  wclL 

the  oil  is  poured  on  the  shaft  it  is  spread  over  the 
bearings  along  grooves  cut  into  the  surface  of  the 
Babbitt  metal. 

Where  dynamos  are  large  a  third  bearing  is  some- 
times provided  outside  the  pulley.  Such  three-bear-  Thne- 
ing  dynamos  are  better  able  to  sustain  the  great  drnuuit, 
strain  arising  from  the  weight  of  the  machine  and 
the  tension  of  the  belt  on  the  heavy  pulley.  Great 
care  is  necessary  in  three-bearing  generators  or  dy- 
namos to  obtain  a  true  alignment,  that  is,  to  ensure 
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the  three  bearings  being  placed  in  the  same  straight 
line ;  otherwise,  even  a  slight  error  in  adjustment  will 
cause  the  development  of  considerable  heat  at  one  or 
more  of  the  bearings.    The  amount  of  loss  due  to 
friction  of  the  journal  bearings  will  vary  with  the 
correctness  of  the  alignment,  even  when  two  bear- 
SEST     ings  only  are  employed.    It  will  also  vary  with  the 
tfe^^unt  size  of  the  machine ;  that  is,  with  the  weight  on  the 
^^ng     journal  bearings ;  with  the  nature  of  the  lubricating 
*^^^'     material ;  with  the  character  of  the  surfaces  in  con- 
tact; with  the  diameter  of  the  shaft;  and  with  the 
speed  with  which  the  armature  rotates.     Gener- 
ally speaking,  these  frictions  increase  with  the  diam- 
eter of  the  journal  bearings.     Consequently,  this 
diameter  is  kept  as  low  as  possible. 

The  loss  due  to  the  friction  of  the  collecting 
brush^**^  brushes  against  the  commutator  s^^ents  varies 
fnction.     ^j^j^  ^j^^  number  of  the  brushes  employed,  together 

with  the  pressure  with  which  they  bear  on  the 
commutator  s^^ents.  This  loss  by  friction  in- 
creases with  any  increase  in  the  diameter  of  the 
commutator,  and  with  the  speed  of  rotation. 

Collecting  brushes  are  composed  either  of  con- 
ducting metals,  such  as  copper,  or  of  artificial  car- 
bon.   The  use  of  metallic  brushes  tends  to  roughen 
Metaiuc     or  cut  the  surface  of  the  commutator,  while  the  use 
SufSdng**  of  carbon  or  graphite  tends  to  lubricate  the  com- 
™  ^'     mutator  surface,  and  thus  to  decrease  the  amount 
of  its  wear.    Moreover,  machines  employing  carbon 
brushes  can  be  readily  reversed  without  difficulty. 
This  is  an  advantage  that  is  especially  serviceable 
when  d}mamos  are  employed  as  motors. 

The  use  of  metallic  brushes  sometimes  causes 
trouble  from  the  fact  that  the  metallic  dust  formed 
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by  wear  against  the  surface  of  the  commutator  s^- 
ments  may  cause  short  circuits  in  adjoining  s^-SJS^V 
ments.     Dust  produced  in  a  similar  manner  fromSSSiiic 
carbon  brushes  is  less  objectionable,  on  account  *"""•**•• 
of  tiie  higher  resistance  it  offers.     Another  ad- 
vantage arising  from  the  use  of  carbon  brushes  is 
on  account  of  the  higher  resistance  which  carbon 
has  for  a  given  length  and  ar^  of  cross-section. 
This  considerably  reduces  the  sparking  at  the  com- 
mutator brushes. 

The  loss  of  energy  due  to  the  friction  of  brushes 
against  the  commutator  segments  is  generally 
greater  in  the  case  of  smaller  machines.  In  large 
machines  this  loss  is  so  small  as  to  be  practically 
n^ligible. 

When  a  d3mamo  is  well  designed  and  properly 
operated,  it  can,  if  of  large  size,  be  made  with  BAcienckt 
efficiencies  as  high  as  ninety-eight  per  cent.  Con-S^ISSL 
sequently,  the  amount  of  loss  due  to  the  above- 
mentioned  causes  can  not,  in  such  cases,  exceed 
two  per  cent  of  the  total  energy  required  to  drive 
them. 

Direct-driven  d3mamos  are  necessarily  limited  in 
their  speed  to  the  speed  of  the  engine  or  turbine 
with  which  they  are  connected.  In  the  case  of  di- 
red^connected  steam  d3mamos  a  difficulty  neces- 

R^lt  And 

sarily  arises  from  the  fact  that  the  dynamo's  speed  direct- 
must  be  limited  to  the  speed  of  the  driving  engine,  dmmoo. 
Now  dynamos  will  give  their  best  results  when 
driven  at  fairly  high  speeds.  On  the  contrary,  the 
speed  of  a  steam  engine  is  naturally  slow.  The  use 
of  belt  driving  will,  therefore,  permit  dynamos  to 
be  driven  at  a  higher  speed,  and,  consequently,  with 
a  gfreater  output.    Moreover,  the  cost  of  a  d3mamo 


direct- 
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and  steam  engine,  when  belt  driven,  is  less  than  the 
^S^S^  cost  of  a  direct-connected  dynamo  and  engine.  As 
a  rule,  a  high-speed  dynamo  is  less  e3cpensive  than 
a  slow-speed  dynamo,  since  at  high  speeds  a  mtidi 
smaller  quantity  of  iron  and  copper  are  required  to 
be  employed  in  order  to  obtain  a  given  dectric  out- 
put. Notwithstanding  this  matter  of  greater  ex- 
pense, however,  direct-driven  djmamos  of  slow 
speed  but  of  large  sizes  are  gradually  coming  into 
general  use,  by  being  connected  with  fairly  fast  run- 
ning engines. 

Where  a  djmamo  is  directly  coupled  to  a  turbine, 
Why  direct- the  difficulties  are  much  smaller,  since  a  turbii^, 
dyi^os  in  unlike  a  steam  engine,  runs  at  a  speed  which  is 
^ml^  more  nearly  that  of  the  d)mamo.     In  his  excellent 
ptoUd*""   book   on    "Electric    Lighting,"    Prof.    Francis    B. 
Crocker  thus  refers  to  the  matter  of  the  operation 
of  large  dynamos  directly  coupled  with  steam  en- 
gines and  turbines : 

"The  speed  of  a  dynamo,  on  the  other  hand,  can  be 
brought  down  without  much  reduction  in  efficiency 
or  other  disadvantage,  except  that  the  output  is  de- 
creased, or,  what  is  the  same  thing,  the  size  and 
weight  are  increased  for  a  given  output.  It  is  a 
common  thing  to  hear  persons  attempt  to  get  around 
this  fact,  and  ccMifuse  or  deceive  themselves  by 
assuming  some  form  of  winding  or  other  arrange- 
ment  which  will  give  the  same  output  at  a  lower 
Crocker  oo  Speed ;  but  we  know  that  a  dynamo  running  at  250 
connected   rcvolutious  per   miuute  will   give  almost  exactly 

dynamos.  , 

twice  the  output  if  the  speed  be  increased  to  500 
revolutions  per  minute,  and  in  many  cases  there 
would  be  no  reason  why  the  higher  speed  v/ould  be 
objectionable.  In  other  words,  it  is  run  at  a  low 
^)eed,  and  has  a  diminished  output,  simply  to  allow 
it  to  be  directly  coupled  to  the  engine.    It  may  be  a 
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proper,  or  even  a  very  desirable,  thing  to  design 
dynamos  to  work  at  low  speed;  but  the  engineer 
should  fully  realize  that  it  usually  involves  some 
sacrifices  of  output  and  efficiency  in  the  machine 
itself.  The  usual  way  to  construct  a  low-speed  dy- 
namo is  to  make  the  armature  of  large  diameter, 
thus  securing  a  sufficiently  high  peripheral  velocity ; 
at  the  same  time  the  armature  core  is  made  in  the 
form  of  a  ring,  with  a  comparatively  small  radial 
thickness,  in  order  to  reduce  the  weight  of  iron  re- 
quired. Nevertheless,  the  frame,  shaft,  bearings, 
and  other  parts  of  such  a  machine  are  necessarily 
heavier  and  more  costly  than  if  the  armature  were 
of  smaller  diameter  and  higher  speed.  The  com- 
pactness, simplicity,  and  general  advantages  of  di- 
rect coupling  are  so  great,  however,  that  they  will 
often  fully  warrant  the  extra  cost;  and  in  some 
cases  it  may  be  almost  a  necessity,  as,  for  example, 
in  the  case  of  a  d)mamo  for  use  on  shipboard,  or 
for  other  plants  in  which  the  space  is  very  limited. 

"The  direct  coupling  of  dynamos  with  turbines 
can  be  carried  out  without  departing  from  the  nor-  uJS  oir 
mal  speed  of  either  machine ;  that  is  to  say,  the  ordi-  co^iio?. 
nary  speed  of  a  turbine  agrees  well  with  the  normal 
speed  of  a  dynamo  of  corresponding  power.  The 
shaft  of  a  turbine,  however,  is  usually  vertical, 
while  that  of  the  dynamo  is  horizontal;  hence,  in 
order  to  directly  couple  them,  one  or  the  other 
must  be  changed  from  its  ordinary  arrangement. 
This  can  be  done  either  by  constructing  a  dynamo 
to  revolve  on  a  vertical  shaft,  or  a  turbine  with  a 
horizontal  shaft  can  be  obtained.  These  latter  may 
easily  be  directly  coupled  with  a  dynamo.  If 
the  armature  is  mounted  directly  upon  the  shaft 
of  a  vertical  turbine,  the  aggregate  weight 
becomes  large.  An  ordinary  step-bearing  at  the 
bottom  is  not  adequate  to  carry  the  weight,  and 
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wilt  cause  much  trouble  frcHn  heating,  except  in  a 
small  plant.  Thrust-bearings  arranged  at  various 
points  on  the  shaft  may  distribute  the  pressure  suffi- 
ciently to  carry  it  properly.  In  some  cases  a  porticoi, 
or  all,  of  the  weight  is  taken  off  of  the  bearings, 
either  by  magnetic  attraction,  or  by  causing  the  up- 
ward pressure  of  the  water  in  the  turbine  to  balance 
the  weight.  A  new  and  successful  arrangement  con- 
sists of  a  step-or  flange-bearing  between  the  surfaces 
of  which  oil  is  pumped  under  high  pressure,  so  that 
the  weight  practically  floats. 


c  Coippanj'ii  Modente- 


A  form  of  belt-driven  dynamo,  constructed  by  the 

General  Electric  Company,  is  represented  in  Fig. 

eJ^     24.      Here    the   type    of    armature    employed,    as 

b™-K^'o  shown  in  Fig.  25,  consists  of  a  number  of  japanned 

genetaior.  jj^j^  laminatious,  or  core  disks,  which  are  so  shaped 

as  to   provide  air   ducts,   extending  through   the 

laminations.     This  construction  permits  the  ready 

ventilation  of  the  armature.     The  armature  wind- 
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ings  consist  of  copper  coils,  that  are  shaped  by 
simple  mecluoical  means  before  being  placed  on.nw.niib 
the  core     These  armature  coils  are  firmly  secured  SSJ^ 
to  the  core  by  strong  binding  wires.    The  comma- S'SS?br 
tator  consists  of  a  great  number  of  separate  com-  ^^^f" 


mutator  s^;ments,  on  which  carbon  brashes  rest. 
The  machine  is  quadripolar,  and  when  driven  at  a 
speed  of  1,050  revolutions  per  minute  will  produce 
a  current  of  say  240  amperes,  at  a  pressure  of  125 
volts.     Since,  as  we  have  seen,  the  electric  unit  of 


GcDcnl    Electric 


activity,  or  watt,  is  equal  to  the  volts  multiplied  by 
the  amperes,  a  current  of  240  amperes  at  a  pressure 
of  125  volts  will  produce  240X125=30,000  watts,  kuS*™ 
or  30  kilowatts,  generally  contracted  K.W.,  a  ICW. 
being  equal  to  1,000  watts. 
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The  armature  core  employed  in  this  machine  is  of 
the  toothed-core  type,  as  will  be  seen  from  an  in- 
spection of  Fig.  26. 

§[^J|J  A  direct-connected  dynamo,  as  constructed  by 
companr'i  (j^g  General  Electric  Company,  is  represented  in 
Fig.  27.    This  machine  has  eighteen  separate  mag- 


net poles,  and  is  of  the  slow-speed  type,  being  de- 
signed to  run  at  a  speed  of  one  hundred  revolutions 
per  minute.  At  this  speed  it  is  capable  of  producing 
an  output  of  800  K.W.  at  a  voltage  of  275. 

As  in  all  large  machines,  the  armature  core  is 
thoroughly  ventilated,  so  as  to  avoid  undue  increase 
of  temperature.     The  armature  is  drum-wound,  and 
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is  provided   with  a   lamiiuted  core  oonqiosed  of 

separate  sheets  of  soft  sted.     The  annature  is  a  jj 
toothed-core    armature,    the  conductors   being   in- 2 
closed  in  the  slots  formed  in  the  armature  surface. " 
The  armature  windings  c(»isist  of  straight  copper 
bars  of  the  highest  conductivity,  connected  to  the 
commntator  scgmoits  by  carefully  insulated  copper 
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leads.     Although  direct-driven  dynamos  operate  at 
a  lower  efficiency  than  belt-driven  dynamos,  owing 
to  their  lower  speed,  yet  they  possess  the  advantage  ^^ 
over  the  direct-driven  generators  in  requiring  a  far  ^^^ 
less  floor  space.    Moreover,  they  are  much  quieter  ^^* 
during  their  operation  than  the  belt-driven  machines.  orD^moi 
Besides,  they  not  only  ensure  a  saving  in  the  friction 
losses  that  occur  in  the  belting  at  the  counter-sjiaft 
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of  the  belt-driven  machines,  but  also  ensure  a  smaller 
wear  and  tear  of  the  machines. 

Another  General  Electric  direct-driven  dynamo, 
of  the  same  type  as  the  preceding,  but  of  a  smaller 
size,  is  shown  in  Fig.  28.  Here  there  are  but  six 
field  magnet  poles  and  six  sets  of  carbon  brushes 
resting  on  the  commutator  segment.  A  dynamo  of 
this  size  is  capable  of  producing,  at  275  revolutions 
per  minute,  a  current  of  800  amperes,  at  a  pressure 
of  125  volts.  Consequently,  its  output  is  100,000 
watts,  or  100  K.W. 
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CHAPTER   III 


DYNAMO    TROUBLES 

"The  promptness  and  ease  with  which  any  accident  or  diffi- 
ctihy  widi  electrical  machinery  may  be  dealt  with,  whether 
by  the  inspector  of  construction  or  by  the  operator  in  charge 
of  running,  will  always  have  much  to  do  with  the  success  of 
the  plant,  and  of  those  dependent  upon  it." — Practical  Man- 
agement of  Dynamos  and  Motors:  Profisscas  Cbockbr  awd 
W] 


THE  various  sources  of  loss  which  occur  dur- 
ing the  running  of  a  dynamo,  and  to  which 
we  have  referred  in  the  preceding  chapter, 
take  place  under  all  circumstances.  No  matter  how 
careftilly  the  dynamo  has  been  designed  and  built, 
no  matter  how  carefully  it  is  operated  or  nm,  some 
loss  will  necessarily  occur  either  from  the  mechani-  Dynamo 

,  troubles. 

cal  or  magnetic  frictions,  before  referred  to,  and 
some  energy  will  necessarily  be  expended  and  lost 
to  the  circuit  in  the  shape  of  heat  generated  in  the 
conductors  on  the  field  magnets  or  armature,  caused 
by  the  passage  through  them  of  a  current  against 
their  ohmic  resistance.  But  besides  these  losses, 
there  are  others  that  can  be  traced  to  the  improper 
running  of  the  machine,  or  to  some  defects  or  faults 
occasioned  either  by  a  slight  disarrangement  or 
some  faulty  adjustment  of  some  of  the  running 
pairts.  Such  troubles  tend  to  increase  rather  than 
to  decrease,  and  if  not  promptly  remedied  or  re- 
moved, may  occasion  serious  loss  in  the  shape  of 
decreased  output,  and  even  eventually  result  in  the 
entire  loss  of  the  machine.     It  will  be  well,  there- 
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fore,  to  discuss  in  some  detail  a  few  of  such  troubles, 
2d*v^eci.  together  with  the  steps  that  should  be  taken  to  re- 
So^i^SS  "^ove  them.  In  discussing  these  troubles  in  dyna- 
mos, we  shall  follow  the  order  both  of  the  troubles 
themselves,  and  the  way  of  remedying  or  meeting 
them,  suggested  by  Drs.  Crocker  and  Wheeler,  in 
their  book  entitled  "The  Practical  Management  of 
Dynamos  and  Motors." 

During  the  rotation  of  a  d)mamo,  a  troublesome 
sparking  sometimes  occurs  between  the  collecting 
brushes  and  the  segments  of  the  commutator,  on 
clmmutS.*^  which  they  rest.  In  the  case  of  certain  arc-light 
tor  bnubet.  machines,  where  the  value  of  the  current  generated 
is  not  very  great,  this  sparking,  imless  pronounced, 
is  not  very  objectionable;  but  where  the  currents 
are  large,  the  sparking  may  occasion  considerable 
damage,  from  the  undue  heating  of  the  commuta- 
tor, or  even  of  the  armature  itself.  Moreover,  such 
sparking  will  .cause  serious  difficulty  from  the  ir- 
regularities produced  in  the  surface  of  the  com- 
mutator. 

There  are  many  different  causes  for  sparking  at 
the  commutator.  Of  course,  wherever  such  spark- 
ing is  due  to  structural  errors  or  faulty  design,  it 
can  only  be  removed  either  by  the  reconstruction  of 
the  machine,  or  by  its  replacement  by  another.  In 
many  cases,  however,  excessive  sparking  can  be 
readily  remedied. 

When  a  dynamo  is  doing  more  work  than  it  has 
sparkmg    been  designed 'to  do,  such,  for  example,  as  when  a 
o?^hi2e  ^y^^^^^  ^s  operating  too  many  arc  or  incandescent 
lamps,  and  has,  therefore,  what  is  called  an  "over- 
load" on  its  external  circuit,  the  passage  of  too 
powerful  a  current  through  the  armature  coils  may 
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result  in  bad  sparking.  While  such  an  overload 
may  be  safely  carried  for  a  short  time,  it  should 
never  be  carried  for  extended  periods  of  time. 

Sometimes    sparking   is   due  to   the   collecting 
brushes  being  improperly  set  on  the  ccnnmutator 
segments.    In  order  to  carry  off  the  current  quietly,  dSTto"* 
the  ends  of  the  brushes  should  rest  at  the  neutral  mSSm^ 
points,  or  on  the  diameter  of  commutation.    If  the^^*** 
brushes  are  improperly  set,  sparking  will  occur,  and 
of  course  this  can  be  remedied  only  by  properly  ad- 
justing their  position. 

In  machines  that  have  been  run  for  some  time, 
the  commutator  segments  become  rough  and  ir- 
regular, either  from  unequal  wear,  or  from  the  pit- 
ting or  burning  of  parts  of  the  surface  by  excessive 
sparking.    These  irregularities  cause  the  brushes  to  sparkinr 
jump  whenever  they  pass  over  them.     Such  spark-  i^^uH- 
ing  may  be  removed  by  carefully  smoothing  the  sur-  m?titor*' 
face  of  the  commutator  segments  either  by  means      ***' 
of  sandpaper  or  a  file.    Emery  paper  should  never 
be  employed  for  this  purpose.     Where  the  irregu- 
larity is  very  marked,  it  is  sometimes  advisable  to 
remove  the  armature  from  the  machine  and  place  it 
in  a  lathe,  where  its  surface  can  be  trued  by  the 
proper  use  of  a  cutting  tool.    In  all  such  cases  care 
must  be  taken  to  carefully  remove  all  the  metallic 
dust  formed  by  cutting  or  filing,  since  this  might 
afterward  form  a  short  circuit  between  adjacent 
commutator  s^fments.     A  small  quantity  of  vase- 
line or  oil  may  be  used  to  decrease  the  friction  be- 
tween the  brushes  and  the  commutator  segments.  y«f. of 

^  lubncant 

An  excess  of  either  lubncant  will,  however,  be  apt  f °  commu. 

'  '  ^    tator. 

to  produce  trouble,  by  preventing  the  brushes  from 
forming  a  good  electric  contact  with  the  commutator 
segments. 
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Sparking  is  frequently  caused  by  the  ooUectii^ 

spuridiig    brumes  making  a  poor  contact  with  the  commur 

^SSix^  ^^tor  s^;nients.     Instead  of  touching  evenly  over 

SS?***^  all  portions  of  their  ends,  they  only  make  contact 

at  a  comer.     This  may  arise  either  from  lade  of 

sufficient  pressure,  or  it  may  come  from  the  pres* 

ence  of  dirt  or  too  much  oil  on  the  commutator  s^- 

ments.    The  remedy  for  either  of  these  difficulties 

is  evident. 

Any  cause  which  tends  to  change  the  position  of 

the  diameter  of  commutation  on  the  machine  will 

necessarily  produce  sparking  at  the  commutator. 

Sparking    For  example,  if,  owing  to  an  accident,  one  or  more 

chlLigein    of  the  armatufc  coils  become  short  circuited;  or  if 

diameter  of.««».*  i>  .•  «  »*     •  * 

comnrata-  the  direction  of  current  m  such  coils  is  reversed ;  or 
if  the  circuit  of  one  or  more  such  coils  becomes 
broken,  the  symmetrical  distribution  of  E.M.F/s 
and  current  in  the  armature  is  disturbed,  and  a  shift- 
ing of  the  diameter  of  commutation  results.  In 
such  cases  the  only  remedy  is  to  replace  or  properly 
connect  the  faulty  coils.  Their  presence  is  gener- 
ally indicated  by  the  excessive  temperature  they  will 
be  found  to  have  on  the  stopping  of  the  machine. 

The  position  of  the  diameter  of  commutation  may 
Sparking  ^^^o  bc  shifted  by  some  disarrangement  occurring  in 
fmttifficient  ^^^  ^^^^  magncts,  by  means  of  which  the  supply  of 
magnetic  flux  is  diminished.  This  difficulty  is  apt 
to  occur  in  shunt-wound  machines,  and  may  be 
caused  either  by  poor  contacts,  or  through  exces- 
sive resistance  introduced  into  the  circuit  of  the 
field  magnets.  We  will  inquire  briefly,  therefore, 
as  to  the  difference  between  series-wound,  shunt- 
wound,  and  compound-wound  machines. 

In  series-wound  machines  the  field  magnet  coils 
and  the  external  circuit  are  so  connected  in  series 


field  flux. 
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with  the  armature  circuit  that  the  entire  armature 
current  passes  through  the  field-magnet  coils.  In 
other  words,  the  field  circuit  and  the  external  circuit 
are  connected  in  series  with  the  armature  circuit. 
Under  these  circumstances,  any  increase  in  the  re-serka. 
sistance  of  the  external  circuit  will  cause  a  decrease  dj^ot. 
in  the  E.M.F.'s  generated  by  the  machine,  on  ac- 
count of  the  decrease  in  the  amount  of  magnetic 
flux  which  passes  through  the  armature  coils.  On 
the  other  hand,  any  decrease  in  the  resistance  of 
the  external  circuit  will  be  attended  by  an  increase 
in  the  E.M.F.'s,  by  reason  of  the  increased  mag- 


^eu»MCVMMN 


Fio.  39.— Series- wound  Dynamo.  Note  the  connection  of  the  pou- 
tive  brush  to  the  positive  supply  main,  and  the  connection  of  the  nega- 
tive brush  to  one  end  of  the  field  magnet  coil  M,  the  other  end  of  this 
coil  beingr  connected   with  the  negative  supply  main. 


netic  flux  passing  through  the  armature.  In  series- 
wound  dynamos,  the  variations  produced  in  this 
way  by  differences  in  the  load  placed  on  the  ma-£o5?Si£." 
chine  are  avoided  by  the  use  of  a  variety  of  appa-J^wnos. 
ratus  called  regulators,  the  action  of  which  will  be 
explained  under  the  head  of  electric  lighting.  The 
connections  of  the  supply  main  of  a  series-wound 
generator  with  the  surface  of  the  armature  and  the 
field  magnet  coils  are  shown  in  Fig.  29.  Since 
series-wound  machines,  when  employed  in  connec- 
tion with  a  regulator,  tend  to  maintain  a  constant- 
current  strength  in  their  circuit,  they  are  sometimes 


^ 
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called  constant-current  machines.  Their  use  is  prin- 
cipally for  furnishing  corrait  for  series-connected 
arc  lamps. 

In  shunt-wound  dynamos,  as  shown  in  Fig.  30, 
the  field  magnet  coils  are  placed  in  shunt  with  die 
armature  circuit,  so  that  <»ily  a  portion  of  the  cur- 
rent generated  in  the  armature  coils  passes  through 
the  coils  of  the  field  magnets;  but  all  the  differ- 
ence of  potential  generated  in  the  armature  acts  at 
the  terminals  of  the  field  circuit.  In  shunt-wound 
machines,  the  field  magnet  coils  consist  of  a  great 
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Fig.  30. — Shunt-wound  Dynamo.  Note  the  connection  of  the  £eld 
magnet  coil  M  in  shunt  with  the  armature  coils,  and  the  connection 
of  the  armature  to  the  supply  mains.  A  part  only  of  the  current  of  the 
armature  passes  through  the'  field-magnet  coil. 

number  of  turns  of  very  fine  wire,  so  that  their  re- 
sistance is  much  greater  than  that  of  the  armature 
coils.  This  difference  may  vary  from  400  to  1,000 
times  that  of  the  armature  resistance. 

A  shunt  circuit  consists  of  a  branch  or  additional 

circuit,  placed  at  any  part  of  a  circuit  through 

of^hunu"   which  the  current  branches  or  divides,  a  part  flow- 
circuit.  ,  . 

ing  through  the  original  circuit,  and  the  remainder 
flowing  through  the  branch  or  shunt  circuit  Sup- 
pose, for  example,  the  current  from  the  two  voltaic 
cells,  represaited  in  Fig,  31,  be  provided  with  two 
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separate  circuits  at  r  and  r^,  so  that  the  current  may 
branch  or  divide  at  A,  and  reunite  again  at  B,  after 
having  passed  through  r  and  r'.  Then  either  of 
these  branches,  r  and  r^,  may  be  regarded  as  a  shunt 
to  the  other  circuit.  The  relative  strengths  of  the 
current  passing  through  r  and  r^  will  be  inversely 
proportional  to  their  resistance.  For  example,  if 
the  resistance  of  r  be  two  ohms,  and  the  resistance 
of  r'  be  three  ohms,  then  three-fifths  of  the  whole 
current  strength  will  flow  through  r,  and  the  re- 
maining two-fifths  will  flow  through  r'. 

In  any  shunt-wound  dynamo,  it  follows  that  an 
increase  in  the  resistance  of  the  external  circuit  will 
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Fig.  31. — Shunt-circuit.  Note  the  fact  that  the  eurrent  learing  the 
-^  pole  of  the  voltaic  .cell  at  £  branches  or  dividct  at  A,  one  fiart  flow- 
ing  through  r  and  the  remainder  through  r',  the  two  branches  re- 
uniting at  B  and  entering  the  battery  E,  at  its  negative  pole  — ^. 

cause  an  increase  in  the  E.M.F.'s  of  the  machine, 
and  that  a  decrease  in  such  resistance  will  cause  a^«jj^ 
decrease  in  the  E.M.F.'s  generated.    These  actions,  <*yn*»«- 
it  will  be  observed,  are  just  the  reverse  of  those  that 
occur  in  the  series-wound  d3mamo. 

In  a  shunt-wound  dynamo,  a  continual  balancing 
occurs,  the  current  dividing  at  the  brushes  between 
the  field  magnets  and  the  external  circuit,  in  in- 
verse proportion  to  the  resistance  of  each  circuit. 
It  is  for  this  reason  that,  if  the  resistance  of  the 
external  circuit  increases,  a  proportionally  greater 
current  will  flow  through  the  field  magnets,  and  so 
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cause  an  increase  in  the  value  of  the  £.M.F.'s; 
while,  on  the  contrary,  if  the  resistance  of  the  ex- 
ternal circuit  be  decreased,  a  smaller  proportion  of 
current  passes  through  the  field  magnets,  a  smaller 
amount  of  magnetic  flux  is  generated,  and  a  smaller 
value  of  the  E.M,F/s  is  produced.  In  Fig.  30, 
the  resistance  r  is  inserted  in  the  circuit  of  the 
shunt-wound  generator,  in  order  to  control  the 
amount  of  magnetic  flux  produced  by  the  field 
magnets. 

A  shunt-wound  dynamo  is  capable  of  maintain- 
ing a  nearly  constant  current  at  the  terminals  of 
rtSt  cm?"'  either  series  or  parallel  connected  circuits.  In  paral- 
^mSrSy  lei  or  multiple  ciraiits,  however,  such,  for  example, 
w^SSnd  as  are  required  for  incandescent  lamps,  the  intro- 
dynamo.     ju^^tiQj^   Qf   ^   considerable   number   of   additional 

lamps  in  the  circuit  tends  to  produce  a  slight  drop 
of  potential.  In  order  to  avoid  this,  compoimd- 
wound  generators  are  employed. 

In  a  compound-wound  dynamo  or  generator,  as 
shown  in  Fig.  32,  the  field  magnets  of  the  ma- 
chine are  wound  with  both  series  and  shunt  con- 
nected coils.     The  shtmt  coils  consist  of  a  great 
Componnd-  numbcr  of  turns  of  fine  wire,  while  the  series  coils 
dyaum.     cousist  of  a  fcw  tums  of  coarse  wire.    Remember- 


ing that  the  effect  produced  on  the  value  of  the 
E.M.F.'s  in  a  series- wound  generator,  by  either  in- 
creasing or  decreasing  the  load  on  the  machine,  is 
exactly  In  the  opposite  direction  to  the  effect  pro- 
duced in  a  shunt-wound  generator,  it  will  be  evi- 
^  dent  that,  in  compound-wound  machines,  the  rela- 
regiiiatin«r  tive  valucs  of  the  shunt  and  series  windings  may 

action  of  .  t      <  <  t  .         ^  "^ 

«jjp«»«i.  be  so  proportioned  that  the  decrease  m  pressure 
that  would  take  place  by  reason  of  the  shunt  wind- 
ings might  be  offset  by  the  increase  in  pressure 
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that  would  talce  place  by  reason  of  the  series  wind- 
ings, so  that  a  compound-wound  machine  should  be 
able  to  maintain  a  constant  value  of  the  pressure  at 
its  teraunals  for  all  variations  from  no  load  to  full 
load. 

It  will  be  interesting  her<e  to  state  that,  generally 
speaking,  the  series- wotmd  generators  are  empl<^ed  ^Ste.^ 
for  all  series-connected  circuits,  such  as  are  seen  tn^SLtgca. 
series-connected  arc  lights,  or  series-connected  in- 
candescent lights.     The  shunt-wound  generator  is 


Fig.  3^. — Compound-wound  Dynamo.  The  arrow*  ahow  the  dirao- 
'tionathe  cmrents  generated  in  the  armature  take  througli  tbe  slrant 
■id  verica  eoila  and  tbe  rapfkly 


usually  employed  for  central-station  incandescent 
parallel  systems,  and  for  some  motor  circuits.  Com- 
pound-wound generators  are  generally  employed  in 
street-railway  systems,  and  in  most  cases  of  direct- 
current  motors,  as  well  as  for  isolated  incsmdescent 
parallel-systems  of  lighting. 

During  the  operation  of  a  dynamo  or  generator, 
an  increase  occurs  in  the  temperature  of  the  ^^^^' uttLting  d 
chine.  Where  such  increase  of  temperature  is  not^'y**"®- 
too  great  to  be  borne  by  the  hand  pressed  against 
the  heated  part  for  a  few  minutes  it  need  occasion  no 
anxiety ;  but,  if  it  is  too  painful  to  be  tfius  borne  by 
flie  hand,  and  it  is,  moreover,  accompanied  by  a 
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smell  of  burning  insulation,  the  machine  should 
kS  M  *'  be  instantly  stopped  before  serious  damage  is  oc- 
2^1!rto|U  casioned.  Of  course,  the  application  of  water  is 
dangerous,  although  in  the  case  of  overheated  jour- 
nal bearings,  where  the  stoppage  of  the  djmamo 
would  mean  the  extinguishment  of  light  in  a  build- 
ing or  other  space,  in  order  to  avoid  the  inconven- 
ience, a  lump  of  ice  may  be  held  against  the  journal 
bearings,  care  being  taken  to  prevent  any  water  from 
falling  on  the  armature  or  commutator. 

Of  course,  any  increase  in  temperature  of  the 
conductors  of  the  field  magnets  or  armature  coils 
produces  an  increase  in  their  resistance,  and  thus 
tends  to  diminish  the  output  of  the  machine.  Con- 
ture  limits  scqucutly,  manufacturers  are  required  to  guarantee 
that  their  machines  shall  not  increase  in  tempera- 
ture during  their  running  beyond  certain  definitely 
stated  limits;  for  instance,  in  case  of  the  direct- 
connected  General  Electric  Company's  generator, 
shown  in  Fig.  27,  the  company  guarantees  that, 
after  a  run  of  twenty-four  hours,  at  the  rated  value 
of  the  amperes  and  volts  for  which  the  machine 
was  designed,  and  with  satisfactory  conditions  of 
ventilation,  the  increase  in  temperature  shall  not 
be  greater  than  95®  F. ;  and  that  the  temperature 
of  the  commutator  shall  not  exceed  104®  F.,  above 
that  of  the  surrounding  air;  when  there  is  an  over- 
load of  say  fifty  per  cent  above  the  rated  amperes 
and  volts,  they  guarantee  that  after  a  run  of  two 
hours  the  accumulated  temperature  in  all  parts  of 
the  generator  shall  not  exceed  121°  F. 


atora. 


Where  The  influence  of  good  design  and  construction 

Sdl2S^^*^on   the  amount   of   sparking   at   the  commutator 

rtniction.    brushes  of  large  generators  will  be  noted  in  the 

case  of  the  machine  shown  in  Fig.  27,  in  which  it 
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is  possible  to  carry  an  overload  of  current  amount- 
ing to  fully  fifty  per  cent  for  two  hours,  or  an  over- 
load of  one  hundred  per  cent  momentarily,  without 
shifting  the  position  of  the  collecting  brushes,  and 
without  injurious  qMurking. 

The  excessive  generation  of  heat  in  the  armature 
bearings  and  field-magnet  coils  may  arise  either 
from  sparking  at  the  commutator  brushes,  or  it^ 
may  be  due  to  an  overheated  commutator,  which  ■oarca  of 
has  disintegrated  the  carbon  brushes  employed,  and ^itmigto 
has  so  9preaA  a  film  of  high  resisting  material  over  bearingt. 
tint  sur&ce  of  the  oonmiutator  segments.     In  all 
these  cases,  to  the  heat  generated  by  any  of  these 
causes,  b  to  be  added  the  heat  generated  by  the 
causes  of  loss  referred  to  in  the  precedii^  chapter. 

Excessive  heating  at  the  journal  bearings  may 
be  due  to  lack  of  proper  oiling,  or  it  may  arise  from 
the  sha^t  or  the  bearings  fitting  too  tightly.  Some- 
times this  heating  is  due  to  lack  of  proper  align- 
ment of  the  bearings,  or  it  may  be  due  to  the  shaft 
being  bent  accidentally.  Heating  will  also  arise 
fnxn  the  striking  of  the  belt  against  one  or  both 
of  the  bearings,  or  from  too  great  a  strain  of  the 
driving  belt. 

A  trouble  that  sometimes  arises  during  the  opera- 
tion of  the  dynamo  is  that  which  comes  from  va- Jnwb>e 

•'  from 

rious  noises  produced.  In  many  cases  such  noises  noi^s. 
are  objectionable  largdy  on  account  of  the  regu- 
larity with  which  they  recur.  In  many  cases  these 
noises  can  be  traced  either  to  imperfectly  constructed 
or  insufficiently  provided  foundations,  or  frcHn  a 
failure  to  properly  secure  to  such  foundati(Mi  the 
frame  on  which  the  dynamo  rests.  Where  the  foun- 
dation of  a  dynamo  is  placed  on  solid  rock,  the  vi- 
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Noiaesdue  brations  or  noises  produced  by  the  machine  are 
ufoonda.  thereby  more  readily  conducted  into  the  building, 
where  they  may  cause  annoyance.  In  such  cases, 
in  order  to  deaden  these  sounds  and  lessen  the  ease 
with  which  they  can  be  transmitted,  various  mate- 
rials, such  as  sand,  wood,  or  asphalt-concrete,  have 
been  employed. 

Another  class  of  noises,  however,  may  be  due  to 
some  trouble  existing  in  the  dynamo  itself.  For 
example,  either  the  driving  pulley  or  the  armature 
various  may  be  unbalanced,  and  thus  may  produce  periodi- 
cally recurring  noises.  The  coils  on  the  surface  of 
the  armature  may  become  loosened,  and  thus  peri- 
odically strike  the  pole  pieces.  Moreover,  in  the 
case  of  belt-driven  dynamos,  which  are  run  at  high 
speeds,  the  belt  during  its  motion  may  produce  dis- 
agreeable sounds,  or  it  may  periodically  strike 
against  some  surface.  A  disagreeable  chattering 
noise  is  sometimes  produced  by  the  jumping  or  slip- 
ping of  the  brushes  on  the  commutator  segments. 

During  the  operation  of  a  d3mamo  care  should 
be  exercised  to  maintain  the  speed  approximately 
constant.     Where  a  slowing  down  of  the  machine 
is  observed,  if  not  due  to  a  failure  on  the  part  of 
the  driving  engine  or  turbine  to  deliver  the  usual 
amount  of  power  for  driving  purposes,  it  may  be 
due  to  an  overload  produced  in  some  way  on  the 
machine.     This  overload,  calling  for  the  expendi- 
possibie     ^^^^  ^^  ^  greater  amount  of  energy  than  that  which 
^^ffidint  *^^  driving  dynamo  or  turbine  can  supply,  is  neces- 
sp^d^    sarily  followed  by  a  decrease  in  the  speed  of  rota- 
tion.    Whenever  it  can  be  done  without  too  great 
inconvenience,  on  the  appearance  of  almost  any  of 
the  troubles  before  referred  to,  the  machine  should 
be  stopped,  and  an  examination  made  as  to  the 
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cause  of  the  trouble;  for,  as  has  already  been  meo- 
tiooed,  dynamo  troubles  tend  rather  to  increase  than 
to  decrease,  so  that,  if  the  machine  is  permitted  to 
omtinue  rtuming,  a  serious  damage  may  occur. 

Lack  of  space  prevents  any  further  discussicxi  of 
this  extremely  important  device;  viz.,  the  dynamo- 
electric  machine.  As  we  have  already  seen,  the 
invention  of  the  voltaic  battery  marked  an  era  in 
the  history  of  electric  science,  since,  by  its  means, 
it  became  possible  to  readily  produce  powerful  elec- 
tric currents  by  the  transformaticMi  of  chemical 
energy  into  electric  energy.  In  the  same  way,  the 
invention  of  the  dynamo  marked  a  still  greater  era 
in  such  history;  for  the  dynamo,  as  an  electric 
source  suitable  for  the  cheap  and  ready  producticMiofthcdyM! 
of  powerful  currents,  was  itself  as  great  an  advance  dectric 
over  the  voltaic  battery  as  the  voltaic  battery  was 
over  the  old  f rictional  electric  machine  Since  the 
time  of  the  production  of  the  first  dynamo  by  Fara- 
day, in  183 1,  until  the  present  time,  very  ccmsider- 
able  improvements  have  been  made  in  this  appara- 
tus. Concerning  these  improvements,  the  Author, 
in  connection  with  his  late  colleague.  Dr.  A.  £. 
Kennelly,  thus  speaks,  in  their  work  entitled  ''Re- 
cent Types  of  D5mamo-Electric  Machinery": 

''During  the  last  decade  rapid  strides  have  been 
made  both  in  the  number  and  size  of  dynamo-elec- 
tric machines.    Thus,  in  1890,  the  largest  dynamo- 
electric  machine  constructed  in  the  United  States  »«»*« 
was  of  about  500  horse-power,  while  at  the  World's  SSS«>^*** 
Cohmibian  Fair,  in  1893,  ^  ^^o^o  horse-power  dy-^^J^^l 
namo  was  exhibited,  which  was  justly  regarded  as^j^jj^ 
of  colossal  proportions.    And  yet,  only  three  years 
later,  a  5,000  horse-power  dynamo  was  constructed 
and  set  to  work  at  Niagara  Falls.    Although  this  is 
by  no  means  the  limit  to  the  possible  power  of  the 
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dynamo-electric  machine,  yet  it  is  the  greatest  power 
which  has,  up  to  the  present  time,  been  placed  in  a 
single  dynamo  in  actual  use. 

"Coincident  with  this  development  in  size,  there 
iSSSrSn*^    has  also  been  a  development  in  mechanical  and  elec- 
SnSif*'    trical  qualities.     The  dynamo-electric  machines  of 
qiuukiS    past  years  were  often  mechanically  frail.    The  wires 
carried  upon  the  revolving  armatures  were  liable  to 
accidental  derangement.    The  d3mamo-electric  ma- 
chine of  the  modem  type  is  not  only  much  stronger 
than  its  predecessor  in  mechanical  qualities,  in  self- 
lubricating  capability,  and  in  durability,  but  is  also 
more  efficient  electrically.     Large  dynamos,  when 
free  of  journal  friction,  claim  an  efficiency  of  ninety- 
seven  per  cent :  or,  deliver  as  electrical  power,  at  full 
load,  ninety-seven  per  cent  of  the  power  expended  in 
driving  them,  thus  losing  only  about  three  per  cent 
in  the  process. 

"Development  in  dynamo-electric  machinery  has 

followed  definite  and  well  recognized  lines.    While 

it  is  impossible  to  predict  what  the  dynamo-electric 

machine  will  be  in  the  middle  of  the  next  century, 

yet  we  may  be  satisfied  that  its  development  will, 

probably,  go  forward  from  the  present  time  along 

the  direction  which  it  has  followed  in  the  past  five 

years. 

Special  "-^^  ^^^  ^^^y  ^^^^  during  the  last  ten  years  that 

d^mos     special  types  of  d)mamos  and  motors  have  been  de^ 

for'^speS*  signed  for  special  kinds  of  work.     This  is  especially 

w^rk.*^'     true  in  the  application  of  motors.    Prior  to  this  time, 

motors  were  practically  applied  alike  to  all  classes 

of  work,   independently  of  the  particular  service 

they  were  required  to  perform.  At  the  present  time, 

both  dynamos  and  motors  are  constructed  of  types 

suited  for  each  particular  class  of  work.    Thus,  the 

type  of  dynamo  suitable  for  supplying  current  to 

an  office  building  differs  from  the  type  suitable  for 
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suppl3ring  power  to  a  long  distance.  The  travelling 
motor,  such  as  applied  to  a  crane,  or  a  street-car, 
differs  from  the  stationary  motor  intended  to  operate 
a  line  of  shafting/' 

The  above  book  was  published  only  toward  the 
close  of  1897  (December,  1897).  In  the  short  in-toj^???"* 
terval  between  1897  and  the  date  of  publication  of  ""^ 
the  present  book  (1903)  the  size  of  dynamo-electric 
machines  has  been  doubled,  for  generators  of  10,000 
horse-power  output  have  been  designed,  and  are  now 
being  constructed  for  utiHzing  the  power  of  Niagara 
Falls,  in  a  generating  plant  located  on  the  Canadian 
side. 

When  the  armature  of  either  a  series  or  a  shunt- 
wound  machine  begins  to  rotate,  the  values  of  the 
E.M.F/S  generated  in  the  armature  coils  are  very 
small,  on  account  of  the  magnetic  flux  passing 
through  the  armature  being  limited  to  the  residual  *^«jg*~ 
magnetism  in  the  field  magnet  cores  and  pole  pieces,  j'  ;^^ 
Soon,  however,  the  currents  produced  by  the  arma- 
ture being  caused  by  the  commutator  to  flow  in  one 
and  the  same  direction,  pass  through  the  field  mag- 
net coils,  and,  increasing  the  amount  of  magnetic 
flux  passing  through  the  armature,  cause  an  in- 
crease in  the  E.M.F.'s  generated  in  the  armature 
coils.  This,  again  passing  through  the  field  magnet 
coils,  causes  a  still  higher  E.M.F.  to  be  generated 
in  the  armature.  This  reaction  existing  between 
the  armature  and  the  field  magnets  goes  on  until 
soon  the  dynamo  is  giving  its  full  output.  This 
process,  called  the  "building-up"  of  the  machine,  or, 
niore  generally,  "the  reaction  principle  of  the  dy- 
namo," was  discovered  by  Soren  Hjorth,  of  Copen- 
hagen, in  1855. 
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CHAPTER   IV 


ALTERNATING    ELECTRIC    CURRENTS 

'In  alternate-KniiTent  woridng  the  cnrrent  is  ra^dly  re- 
versed, rising  and  falling  in  a  succession  of  pulses  or  waves. 
Electricity  is  in  fact  oscillating  backward  and  forward  through 
tiie  line  with  enormous  rapidity,  under  the  infiuence  of  a 
lapidly-reversing  electromotnre-force."-*Z>3fMaiiio-£l^rAr»c  Ma- 
chinery: Thompson 


A 


LTERNATING  electric  currents  are  those 

which   alternately  change  or   reverse   the 

direction  in  which  they  flow,  flowing  for  a 

certain  time  in  one  direction,  and  then  reversing 

o^SteSSt-  this  direction  of  flow,  and  continuing  for  an  equal 

ISSiSSS^^  length  of  time  in  the  opposite  direction.      These 

ILM.F/S.    changes  in  the  direction  of  the  current  are  repeated 

or  follow  each  other  at  regular  intervals.     The  fact 

that  the  direction  of  flow  thus  alternates  or  changes 

has  given  to  these  currents  the  name  of  alternating 

dectfic  currents.     Since,  as  in  all  currents,  the  flow 

is  produced  by  the  action  of  KM.F.'s,  the  E.M.F.'s 

necessary  to  produce  alternating  electric  currents 

must  necessarily  be  alternating  E.M.F.'s. 

A  continuous  current  is  a  current  which  does  not 
change  the  direction  of  its  flow,  but  continues  in  one 
ofcontinu-  aud  the  same  direction  during  all  the  time  that  the 
cwrenta.  ^  current  continues.  Unless  otherwise  stated,  all  con- 
tinuous currents  preserve  the  same  current  strength 
during  all  the  time  they  are  flowing.  As  already 
explained,  the  current  strength  is  constant  only 
after  such  currents  have  attained  their  full  current 
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Strength.  Both  at  the  moment  of  closing  and  open- 
ing a  continuous  current  circuit,  a  change  occurs 
in  the  strength  of  the  current. 

Each  change  or  reversal  in  direction  of  an  alter- 
nating current  is  called  an  alternation.    If  a  certain 
dynamo  or  machine  is  producing  four  hundred  al- ^***'^*'** 
temations  per  second,  it  reverses  its  direction  four 
hundred  times  in  each  second,  producing  two  hun- 
dred waves  of  current  in  one  direction,  and  two 
hundred  waves  of  current  in  the  opposite  direc- 
tion during  each  second  of  its  flow.     Each  double 
reversal  or  complete  to-and-fro  motion  is  called  aDeiuutioii 
cycle.     The  number  of  cycles  per  second  is  called  ^SSf"^ 
the  frequency.     Consequently,  the  preceding  ma- 
chine will  be  said  to  possess  a  frequency  of  two  hun- 
dred cycles  per  second,  or,  as  it  is  generally  written, 
200  ^  per  second.     The  symbol  ^  stands  for  cycles.  &r"5cSe. 
The  time  required  to  produce  one  complete  cycle 
is  called  a  period.     If  a  machine  produces  one  com- 
plete cycle  in  a  period  of    H  of  a  second,  it  must 
produce  two  hundred  cycles  in  each  second,  and  its 
frequency  must  be  200  ^. 

Continuous  or  alternating  electrfc  currents,  so  far 
as  the  direction  of  their  flow  is  concerned,  resemble 
the  flow  of  water  in  a  river.     In  all  rivers  that  dis- 
charge directly  into  the  ocean,  in  those  parts  of  their  of  conS!^u. 
course  too  far  above  the  river's  mouth  to  be  affected  Ste^tinff 
by  the  tides,  the  water  flows  constantly  toward  thetofl^ui 
river's  mouth ;  or,  in  other  words,  the  flow  is  limited         ^*"' 
to  a  single  direction,  like  that  of  a  continuous  elec- 
tric current.     In  regions  near  the  river's  mouth, 
however,  where  the  water  is  affected  by  the  tides, 
the  direction  of  the  flow  of  the  water  alternates 
or  changes  about  four  times  in  every  twenty-four 
hours.     The  water  flows  up-stream  for  about  six 
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hours,  and  then  reverses,  and  flows  down-stream, 
or  toward  the  river's  mouth,  for  an  equal  period  of 
time,  these  motions  being  again  repeated  during 
each  twenty-four  hours.  Here,  however,  there  is 
a  great  difference  in  the  number  of  alternations,  the 
riva*  possessing  practically  only  four  alternations 
per  day,  and,  consequently,  having  a  frequency  of 
so  small  a  number  as  only  two  complete  alterna- 
tions, or  two  complete  cycles  for  every  twenty- 
four  hours,  while,  in  the  case  of  adternating  cur- 
rents, there  may  be  several  hundred  cydes  per 
second. 

The  alternate  to-and-fro  moticms  of  water  in  a 
tidal  river  can  be  graf^ically  represented  as  follows. 


SOOJtOC.    ._ 
400%000.    

tOO,O0O. 

too.ooo. 


tOOAtOO 


Fidtjfow 
downttrtmm. 


tioivnstrtam. 


Fio.  33. — Curve  representing  tidal  flow  of  water  in  river, 
position  of  the  horizontal  line  of  zero  or  no  flow. 


Note  tlie 


Cnrreof 
tidal  flow 
inrlfcr. 


Here  a  horizontal  line  is  divided  into  equal  lengths 
representing  the  time  corresponding  to  noon,  six 
P.M.,  midnight,  six  a.m.,  and  noon,  as  shown  in  Fig. 
33.  A  vertical  line  drawn  at  tiie  extreme  left  of 
the  horizontal  line,  extending  both  above  and  below 
the  horizontal  line,  represents  respectively  the  flow 
up  and  down  stream.  Here  the  numbers  from  100,- 
000  to  500,000  represent  the  volume  or  amount  of 
the  flow  in  these  different  directions.  Then,  in  the 
case  of  a  tidal  river,  the  irr^^lar  curve  repres«ited 
in  the  figure  gives  the  value  of  the  flow  up  and  down 
stream  respectively.  An  examination  of  the  figure 
will  show  that  between  noon  and  six  p.m.^  nearly; 
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50o,oco  gallons  of  water  per  hour,  or,  approxi- 
mately, 140  gallons  per  second,  flow  steadily  down- 
stream toward  the  river's  mouth,  and  that  the  same 
quantity  flows  up-steam  from  six  p.m.  to  midnight 

In  a  similar  manner  we  can  represent  the  flow  of 
alternating  electric  currents.     Here  let  us  suppose 
that  the  alternating  current  has  a  frequency  of  <Mie 
hundred  cycles,  or  two  hundred  alternations  per  sec- 
ond, and  that  the  strength  of  such  current  is  fifty  SSZLc 
coulombs  per  second   in  one  direction,   and  fifty  JJiS^^ 
coulombs  per  second  in  the  opposite  direction.    Then,  SrauSnf  I 
letting  the  horizontal  line  represent  the  times  and  the  ^tUSSu 
vertical  line  the  current  strength,  the  curve  shown 
in  Fig.  34  would  graphically  represent  such  alter- 


I 

4 


\ 


I 


Fig.  34* — Curve  repreBcnting  alternating  flow  of  electricity  in  aHer^ 
nating-ctirrent  circuit.  Note  the  rcsemblanoes  between  thia  curve  sad 
tbat  represented  in  Fig.  33. 

nating  electric  currents.  Here  fifty  coulombs  of 
electricity  per  second  would  flow  through  the  circuit 
in  one  direction,  and  fifty  coulombs  per  second  in  the 
opposite  direction.  But,  since  a  coulomb-per-second 
is  equal  to  one  ampere,  we  can  represent  the  flow  as 
being  equal  to  a  flow  of  fifty  amperes  in  one  direc- 
tion, and  fifty  amperes  in  the  opposite  direction. 

Since,  as  we  have  seen,  the  direction  of  current 
flow  in  a  conducting  loop  rotated  in  a  bipolar  field  ^JgJ^^. 
changes  or  reverses  during  each  rotation,  all  cur- Jj^^*n^*"' 
rents  so  produced  are  necessarily  alternating  cur-^^jj£ 
rents.    For  example,  a  coil  of  wire  being  rotated  on  feif.^**' 
a  horizontal  axis  between  two  magnetic  poles  N  and 
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S,  Fig.  35,  and  the  ends  of  such  a>il  being  con- 
nected as  shown  to  the  two  metallic  rings  mounted 
on  the  axis,  tiie  coil  being  rotated  so  as  to  cause  the 
t^per  portion  to  come  toward  the  observer,  then  the 
current  produced  during  one-half  rotation  would 
have  the  direction  indicated  by  the  arrows.  At  the 
mc»nent  the  coil  reaches  the  position  ^lowa  in  the 
figure,  the  current  flows  to  the  left-hand  ring,  and, 
after  having  passed  through  the  external  circuit  con- 
nected with  Uiis  ring,  returns  to  the  coil  by  way  of 


Fm.  35. — Siat^  Altermting-caiTent  Generator  « 
Note  the  fact  tbM  the  colleetids  ring!  mn  coatmno 
lectins  bnuhes  mtut  change   in  polatitr  twice   dur 


the  right-hand  ring.  After  a  half  turn,  however,  the 
direction  of  the  current  generated  would  be  reversed : 
i.e.,  it  would  then  flow  through  the  right-hand  ring 
to  the  external  circuit,  and,  after  having  passed 
through  that  circuit,  would  return  to  the  coil  by  the 
left-hand  ring. 

The  device  shown  in  the  above  figure  constitutes 
an  early  form  of  magneto-electric  generator  for  pro- 
ducing alternating  currents,  and  was  employed  for 
the  purpose  of  ringing  bells.  By  suitably  connect- 
ing the  ends  of  the  coil  to  a  two-part  commutator 
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the  machine  is  capable  of  producii^  continuoua  dec- 
trie  currents. 

Shortly  after  the  anuoiincement  of  Faraday's  dis-  if 
torery  of  electro-dynamic  indoction,  a  variety  of«< 
BU^cto-electric  machines  were  prodticed.  among  g 
odwrs,  by  Pixie,  Saxton,  Claiire,  and  Rtb^ie.    Oqcri 


Fib.  3& — CtuiR'*  UacfwtO'deHrK  Gencnuc. 

of  the  best-known  forms  of  these  machines  was  that 
devised  by  Cla^^ke,  and  is  seen  in  Fig.  36.  Here  the 
armature  coil  consisted  of  two  separate  coils  wound 
on  soft  iron  cores,  and  containing  some  1,500  turns 
of  coiqier  wire  in  eadi  coil.  The  coils  were  suitably 
connected,  so  as  to  form  a  single  coil,  and  were  ro- 
tated before  the  two  poles  of  a  compound  horse- 
shoe nagnet.  The  ends  of  the  coil  were  connected 
to  a  two-part  commutator,  and  the  commuted  cur- 
rents were  passed  throu^  the  collecting  brushes. 
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When  a  person  grasped  these  handles  the  currents 
were  sent  through  his  body. 

In  a  continuous-current  circuit  the  strength  of  cur- 
rent flowing  under  the  influence  of  a  given  E.M.F. 
depends  only  on  the  value  of  the  ohmic  resist- 
SiSaduc-  ance.      In  an  alternating-current  circuit,  however, 
SSi^     besides  the  ohmic  resistance,  there  are  two  other 
l-Sl  quantities  that  oppose  such  flow,  and.  therefore, 
Circuit*,     together  with  the  ohmic  resistance,  must  be  consid- 
ered   in    determining    the    value    of    the    current 
strength.     These  two  additional  quantities  are  the 
inductance  or  self-induction,  and  the  capacity,  that 
may  be  placed  directly  in  or  connected  with  the 
circuit. 

When,  for  example,  an  alternating  electric  current 
is  passed  through  a  coil  of  wire  consisting  of  many 
turns,  especially  if  such  coil  be  provided  with  a  soft 
iron  core,  there  is  an  influence  set  up  which  tends 
to  choke  or  oppose  the  passage  of  the  current.  This 
influence  is  called  the  reactance,  and  is  due  both  to 
the  self-induction  or  inductance  of  the  circuit,  and 
its  capacity. 

During  the  passage  of  an  alternating  electric  cur- 
rent through  a  coil  provided  with  a  soft  iron  core, 
the  expanding  and  contracting  lines  of  magnetic 
apparent    force.  Cutting  or  passing  through  the  loops  of  the 
of  aitcmat-  conductor,  sct  Up  therein  E.M.F.'s  and  currents  by 
circuit.      means  of  electro-dynamic  induction.    These  induced 
KM.F.'s  or  currents  offer  an  additional  resistance, 
sometimes  called  the  spurious  resistance,  to  the  pas- 
sage of  the  current ;  or,  in  other  words,  there  is  pro- 
duced a  reactance  or  additional  resistance  set  up  in 
this  way  by  the  action  of  self-induction  or  induc- 
tance.    At  the  same  time  there  is  an  additional  re- 


Reactance. 
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actance  set  up  due  to  the  capacity  of  the  conductor 
in  a  maimer  that  we  shall  shortly  explain.     The  ^|^<g[^;^. 
additional  opposition  thus  introduced  into  the  cir- 2«5}J|=*^* 
cuit  through  reactance  produces  a  marked  change  in 
the  value  of  the  total  apparent  resistance  of  the  dr- 
aait,  or,  as  it  is  called,  in  the  inq)edaiice  of  the  cir- 
cuit.    Here  the  word  impedance  can  be  taken  as 
signifying  generally  an  opposition  to  current  flow.   . 
Its  value  dq)ends  on  the  value  of  the  ohmic  resist- 
ance of  the  conductor  and  the  spurious  resistance 
of  the  conductor  measured  in  ohms. 

The  total  effective  resistance  in  such  cases  can  not 
be  detennined  by  merdy  adding  together  the  ohmic 
redstance  and  the  reactance.     Suppose,  for  example,  Smiyc 
that  in  a  given  case  the  resistance  of  an  alternating  M^uterallt. 
current  drcuit  were  three  ohms,  and  the  reactance  SrcS?*^ 
in  such  drcuit  four  ohms,  the  frequency  of  the  dr- 
cuit bdng  fifty  cycles  per  second.    Then  the  total 
effective  resistance  would  not  be  equal  to  seven 
ohms,  but  must  be  calculated  by  drawing  a  line, 
whose  base  shall  represent  the  value  of  the  ohmic  re- 
sistance, and  a  i)erpendicular  line  at  one  end  of  such 
a  base,  whose  length  shall  represent  the  reactance. 
Then  the  combined  influence  of  the  resistance  and 
the  reactance,  or  the  effective  resistance,  will  be 
represented  by  the  length  of  the  h3rpothenuse,  or 
will  be  five  ohms.    Remembering  now  that  a  portion 
of  the  impedance  in  an  alternating-current  circuit 
is  due  to  the  inductance,  or  self-induction  of  the  cir- 
cuit on  itsdf,  it  is  dear  that  the  value  of  the  im- 
pedance in  an  alternating  dectric  current  circuit 
must  increase  both  with  the  increase  in  the  fre- 
quency of  the  circuit,  and  with  the  number  of  turns  impedance, 
or  loops  of  wire  on  the  coil.    Moreover,  it  is  alsoJffjAed. 
dear  that  the  induction  of  a  soft  iron  core  must  tend 
markedly  to  increase  the  value  of  the  impedance. 
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from  the  increased  value  of  the  inductance  thus 
occasioned. 

When  the  terminals  of  a  condenser  C,  Fig.  37, 
are  connected  in  an  alternating-current  circuit  C, 
D,  B,  there  will  occur  a  continued  charging  and  dis- 
charging of  the  condenser.     Consequently,  currents 
will  flow  into  the  alternating-current  circuit,  despite 
the  fact  that  the  opposite  ends  of  the  condenser  are 
SSSdb^  insulated  from  each  other  by  an  air  space  which 
tfo?wf*^    offers  an  extremely  high  ohmic  resistance.     The 
tocuSi?   condenser  circuit  is,  in  this  sense,  equivalent  to  a 
closed  circuit  having  an  apparent  resistance,   the 
reactance  of  which  can  be  represented  in  ohms. 
Here,  clearly,  the  flow  of  current  increases  directly 
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Fig.    37. — Effect    of    condenser    on    impedance    of    alternating    electric 

current. 


with  the  capacity  and  frequency.  Consequently,  the 
reactance  must  be  inversely  proportional  to  the  fre- 
quency and  the  capacity.  In  other  words,  while 
the  impedance  of  an  alternating  electric  circuit  due 
to  inductance  increases  with  the  frequency,  the  im- 
pedance due  to  capacity  decreases  with  the  fre- 
quency. Consequently,  self-induction  or  inductance 
and  capacity  can  be  made  to  neutralize  or  counter- 
act each  other,  that  is,  the  reactance  due  to  induc- 
tion can  be  made  to  balance  the  reactance  due  to 
capacity. 

The  practical  unit  of  inductance  is  called  the 
henry,  after  Prof.  Henry,  the  American  electrician 
already  referred  to,  and  is  equal  to  the  inductance  of 
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a  circuit  when  the  E.M.F.  induced  in  it  is  equal  to 
j  one  volt,  while  the  inducing  current  varies  at  the 

f  rate  of  one  ampere  per  second.    In  other  words,  if  a 

counter  or  opposing  E.M.F.  of  one  volt  is  set  up  in  2]^5S2a 
the  coil  by  the  action  of  self-induction,  when  the^^^^ 
current  is  increased  at  the  rate  of  one  ampere  per 
I  second,  then  its  self-inducti(Mi  is  equal  to  one  heinry. 

'  The  power  possessed  by  coils  of  wire  of  many 

I  turns,  when  provided  with  a  core  of  soft  iron,  to  cut 

off  or  choke  alternating  electric  currents,  has  caused 
the  name  of  choking  coils  to  be  given  to  thenL 
Choking  coils  are  employed  in  a  great  variety  of 
electric  apparatus  for  automatically  choking  or  stop- 
fang  the  passage  of  electric  currents  without  loss  of  SSJf 
energy.  In  a  continuous-current  circuit  the  amount 
of  current  passing  can  be  chcrfced  or  limited  by  the 
introduction  of  mere  ohmic  resistance.  Here  there 
is  necessarily  a  useless  e3q>enditure  of  energy,  for  the 
E.M.F.  continues  to  act  on  the  extra  resistance 
When,  however,  a  chcAcing  coil  is  introduced  into 
I  an  alternating-current  circuit,  the  opposing  E.M.F.'s 

produced  by  sdf-induction  prevent  the  E.M.F/S 
which  are  endeavoring  to  force  current  through  the 
coil  from  acting.  Consequently,  there  is  no  loss 
of  energy. 

Where  it  is  desired  to  reduce  the  impedance  of  the 
circuit  the  area  of  the  conducting  loops  is  made  as  valae otxhe 
small  as  possible  by  placing  the  leading  and  return-  may  be  ^ 
ing  circuits  as  near  together  as  possible,  that  is,  ^ 
by  placing  the  two  halves  of  the  circuit  through 
which  the  current  leaves  and  returns  respectively  to 
the  source,  near  together,  thus  decreasing  the  area  of 
the  loops  through  which  the  magnetic  flux  can  pass. 
This  is  sometimes  done  by  the  use  of  concentric  tu- 
bular conductors,  where  one  of  the  conductors  forms 
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one  lead  and  the  other  conductor  the  returning  lead. 
J^^cMtric  When  either  the  lead  or  the  returning  conductor, 
cSndSaori.  carrying  an  alternating  current,  is  placed  inside  an 
iron  pipe,  considerable  increase  in  impedance  will 
occur,  from  the  magnetic  flux  set  up  in  the  surround- 
ing mass  of  iron.  If,  however,  both  the  lead  and  the 
return  are  placed  inside  the  same  iron  pipe,  no  bad 
effects  are  produced. 

Since  the  impedance,  or  the  apparent  resistance 
of  an  alternating-current  circuit,  differs  so  greatly 
from  the  ohmic  resistance.  Ohm's  law  for  determin- 
uw^nSrfs* ing  the  value  of  the  current  strength  in  such  cir- 
Ste!?fo?i  cuits  can  not  be  directly  employed.  Suppose,  for 
cuSS?*^*^"  example,  that  a  given  electric  circuit,  in  the  shape 
circuita.     ^f  ^  ^qJi^  y^^^  ^^  ohmic  resistance  of  one-fifth  of 

an  ohm,  and  that  a  continuous  E.M.F.  of  one  volt 
be  maintained  between  the  ends  of  its  terminals; 
then  the  current  passing  would,  as  determined  by 
Ohm's  law,  be  equal  to  one  volt  divided  by  one- 
fifth  of  an  ohm,  or  five  amperes;  but,  if  an  alter- 
nating E.M.F.  of  one  volt,  at  a  frequency  of  one 
himdred  and  twenty-five  cycles,  or  two  hundred  and 
fifty  alternations  per  second,  be  applied  to  the  ter- 
minals of  the  coil,  then  the  current  strength  would 
be  considerably  reduced,  and  might  be  only  two 
amperes  instead  of  five  amperes,  in  the  case  of  the 
continuous  current. 

When  rapidly  alternating  currents  are  passed 
through  a  solid  conductor,  the  current  possesses  a 
much  greater  density  in  portions  of  the  conductor 
o^dttSSS  which  lie  near  its  surface  than  in  those  near  its  centre 
SfcuSLitsor  axis.  Indeed,  if  the  frequency  of  the  currents  be 
high,  the  central  parts  of  the  conductor  may  be 
completely  free  from  any  current.  Since  the  total 
area  of  cross-section  of  the  conductor  is  not  utilized 
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for  the  passage  of  such  currents,  the  resistance  of 
the  ccmductor  is  thus  virtually  increased.  For  this 
reason,  this  increased  resistance  is  sometimes  called 
the  virtual  resistance  of  the  conductor.  This  effect 
is  known  as  the  skin  effect.  It  is  on  account  of 
the  skin  effect  that  the  oscillating  or  rapidly  al- 
ternating currents  produced  by  disruptive  lightning 
discharges  pass  better  through  stranded  conductors 
than  through  solid  conductors  of  equal  area  of  cross- 
section. 

The  fact  that  very  rapidly  alternating  currents  arc 
h'mited  to  the  surface  of  conductors  would  seem  to  SSTaMdkim 
lend  great  probability  to  the  modem  theory  that  an  SiT^I 
electric  current  is  not  transmitted  through  the  sub-  Su  ?!iiS*of 
stance  or  mass  of  the  conductor,  but  rather  through  ^  ^''"^' 
the  non-conducting  medium  which  lies  outside  the 
conductor.      In  a  paper  entitled  "The  Insulating 
Medium  Surrounding  a  Conductor,  the  Real  Path 
^f  Its  Current,"  by  Houston  and   Kennelly,  the 
authors,  referring  to  the  generally  entertained  belief 
tl^t  electric  currents  are  transmitted  as  electric 
waves  through  the  ether  surrounding  the  conductors 
^ing  guided  by  the  conductor  in  this  transmission, 
speak  as  follows : 

"Both  electric  and  magnetic  fluxes  contain  energy. 
Work  must  be  charged  on  the  flux  to  establish  it,  and 
this  work  is  liberated  when  the  flux  disappears.     The  Houston 
^ergy  in  the  ether  varies  as  the  square  of  the  flux  Sdiy  ^ " 
density,  so  that  if  we  crowd  uniformly  twice  aspi5h?f 
^uch  flux  through  a  given  area  of  cross-section,  ^*?ents. 
we  quadruple  the  amount  of  energy  which  resides 
in  that  portion  of  space  per  cubic  inch,  or  per  cubic 
centimetre. 

"The  electric  transmission  of  power  consists  in 
transferring  electric  and  magnetic  flux  to  a  distance 
^nd  allowing  these  fluxes  to  be  expended  in  liberat- 
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ing,  at  the  receiving  end  of  the  line,  the  energy  thejr 
ocxitain.  An  dectric  generator  is  a  machine  for 
proAnoixkg  dectric  flux  and  thus  transferring  dectric 
energy  to  the  ether.  This  dectric  flux,  or  energized 
condition  of  the  ether,  is  transferred  to  a  distant 
point  along  wires,  the  ether  being  deprived  of  its 
energy  at  the  receiving  end  of  the  line.  The  dectric 
flux  is  there  absorbed,  and  the  work  which  was  ex- 
pended by  the  generator  is  recovered  to  a  greater  or 
less  extent. 

"The  electric  flux  is  transmitted  from  the  gener- 
ator to  the  recdver,  through  an  insulating  medium, 
bdng  guided  on  its  passage  by  a  pair  of  ccxiductors, 
extending  all  the  way  from  the  generator  to  the  re- 
cdver. Such  a  pair  of  conductors,  with  the  asso- 
ciated insulating  medium  between  them,  is  called  an 
dectric  circuit.  The  cturious  fact  exists  that  while 
the  old  conception  of  an  electric  circuit  held  that  the 
electric  current  passed  through  the  conductors,  and 
was  retained  in  position  on  those  conductors  by 
reason  of  the  insulating  medium  surrounding  them, 
the  modem  view  holds,  on  the  ccmtrary,  that  the 
electric  current  flows  through  the  insulating  mediiun 
and  is  held  in  position,  or  guided  to  its  destina- 
tion, by  the  two  conductors.  In  other  words,  the 
modem  theory  completely  reverses  the  relative 
functions  of  the  insulator  and  conductors  in  the 
old  theory." 

The  reactance  of  a  conductor  does  not  only  serve 
^  ^  to  oppose  the  passage  of  the  current  by  the  introduc- 
current  aa  tiou  of  additional  resistance,  but  it  also  causes  such 

refl^rat  tne 

E3I.F.  current  to  lag  behmd  the  E.M.F.  that  produces  it 
In  the  same  way  the  inductance  produced  by  the 
capacity  of  the  conductor  causes  a  lead  in  the  current. 
In  a  continuous-current  circuit,  the  dectric  activity 
or  power  is  obtained  by  multiplying  the  E.M.F. 
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in  volts  by  the  current  strength  in  amperes,  thus 
giving  the  volt-amperes,  or  the  watts.  It  is  not  pos- 
sible to  determine  the  power  of  an  altemating-Knir- 
rent  circuit  in  this  way.  Should  we  thus  multiply 
together  the  volts  and  the  amperes,  we  would  obtain  ^^KI^* 
a  value  for  the  watts  that,  in  many  cases,  would  be 
greatly  in  excess  of  the  real  value.  What  we  ob- 
tain is  a  quantity  called  the  apparent  watts,  and  not 
the  true  watts.  Whenever  the  lag  or  the  lead  of  the 
current,  due  respectively  to  the  inductance,  or  the 
capacity  of  the  circuit,  causes  the  E.M.F.  to  be  out 
of  step,  or  out  of  phase,  with  the  current,  the  product 
of  the  volts  by  the  amperes  will  give  a  value  for  the 
watts,  that  is  in  excess  of  the  true  value.  This 
excess  produces  a  quantity  sometimes  called  the 
"wattless  watts." 

Another  way  of  explaining  why  the  apparent  watts 
in  an  alternating-current  circuit  are  in  excess  of  the 
true  watts,  is  as  follows :     In  a  direct-current  circuit  ii^L^ 
the  E.M.F.  is  always  acting  so  as  to  cause  the  current  lumating. 
to  flow  in  the  direction  in  which  it  is  already  moving,  ^^  m 
while  in  an  alternating-current  circuit  the  E.M.F.  isiuuS?** 
sometimes  aiding  the  current  and  sometimes  oppos-       ^^' 
mg  it.    Consequently,  the  product  of  the  volts  by  the 
amperes  will  give  a  number  of  watts  that  are  in  ex- 
cess of  the  true  activity.    The  amount  of  this  excess 
will,  of  course,  depend  on  the  length  of  time  during 
which  the  E.M.F.  is  opposing  the  current  instead  of 
driving  it  through  the  circuit.    The  true  activity  can 
be  obtained  by  multiplying  the  apparent  activity  by  a 
quantity  called  the  power  factor,  or  the  ratio  of  the 
real  power  of  an  alternating-current  circuit  to  itspower 
apparent  power.     The  value  of  the  power  factor  Jj}^^. 
depends  upon  the  difference  of  phase  between  thCcSSSt* 
current  and  the  pressure.     The  waves  of  current 
and  pressure  are  in  step,  or  in  phase,  with  one  an- 
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odier,  when  they  are  similarly  directed.  Otherwise 
they  are  out  of  step,  or  differ  in  phase. 

The  power  factor  can  never  have  a  value  greater 
ladaciioa.  than  Unity  or  one  hundred  per  cent.  In  inductance- 
*"  less  circuits,  or  circuits  containing  practically  no 

inductance,  such,  for  example,  as  a  circuit  containing 
incandescent  lamps,  and  which  is  practically  devoid 
of  conducting  loops,  the  true  activity  may  be  al- 
most equal  to  the  apparent  activity,  or  the  power 
factor  may  have  a  value  of  nearly  unity  or  one  hun- 
dred per  cent.  In  such  a  circuit  current  waves 
through  the  lamp  filaments  are  exactly  in  step  with 
the  pressure  at  the  lamp  terminals. 

p^^^  In  ahemating-current  circuits  containing  induc- 

^iSatoL    *^^^  motors  that  are  being  operated  under  light 

SStJ^ir  ^^^^'  ^^^  power  factor  may  be  as  low  as  fifty  per 

light  loads,  cent,  in  which  case  the  current  strength  that  must 

be  supplied  to  the  motors  in  order  to  operate  them 

must  be  twice  as  great  as  would  be  necessary  to 

operste  them    where   the   waves   of   current    and 

E.M.F.  are  in  step  with  each  other. 

The  great  advantage  obtained  by  the  use  of  al- 
Jdwt^  temating  electric  currents,  instead  of  direct  currents, 
fng-^SSSrt  consists  in  the  fact  that  the  value  of  the  voltage  can 
circuits,      j^  readily  changed  by  the  use  of  transformers.     In 
this  way,  where  it  is  necessary  to  transmit  a  current 
through  a  great  distance,  the  current  can  be  employed 
at  a  high  E.M.F.,  so  that  the  cross-section  of  the 
conductors  can  be  greatly  decreased.     Its  E.M.F. 
can  be  transmitted  through  a  long  conducting  line, 
and  changed  at  the  distant  end  of  the  line  to  the  pres- 
sure that  it  is  desired  to  employ.    Where  the  volt- 
age at  the  end  of  the  line  is  doubled,  the  wire  need 
only  have  one-fourth  the  area  of  cross-section  that 
would  otherwise  be  required. 
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If,  instead  of  placing  single  coils  on  the  armature 
of  an  alternating-current  machine,  two  separate  sets 
of  coils  be  employed,  one  of  which  is  placed  a  little 
ahead  of  the  other,  and  we  connect  the  terminals  of  JJ'JSly^ 
these  two  separate  sets  of  coils  to  two  separate  sets  ^JtJjg 
of  collecting  rings,  it  is  evident  that  we  will  obtain,  JlSSJmi. 
in  the  separate  circuits  connected  with  the  collecting 
rings,  alternating  currents  of  equal  frequency  and 
strength,  but  differing  from  one  another  in  phase 
to  the  extent  of  their  displacement  on  the  armattu'e. 
Alternating  electric  currents  obtained  in  this  way 
are  called  multiphase  or  polyphase,  in  order  to  dis- 
tinguish them  from  the  single  alternating  currents 
we  have  already  described,  and  which  are  called 
Uniphase  alternating  electric  currents. 

Multiphase   currents    are   of   two   classes;    viz. 
diphase  and  triphase  currents.      Diphase  currents 
consist  of  two  Uniphase  currents  of  equal  strength  £!j^ 
and  frequency,  but  dilBFering  from  one  another  inf^ttog 
phase  by  one-fourth  of  a  period,  that  is,  two  Uniphase  ^?2mf. 
currents  that  are  in  quadrature  with  each  other. 
Triphase  alternating  currents  consist  of  three  sepa- 
rate imiphase  currents  of  equal  strength  and  fre- 
quency, but  differing  from  one  another  by  one- J^JiSe  o?*' 
third  of  a  period.     Multiphase  electric  currents  areJSiJJjJSr 
employed    for   the   driving   of   alternating-current 
motors,  as  will  be  more  fully  described  elsewhere. 
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CHAPTER  V 


ALTERNATING-CURRENT     GENERATORS 

"The  recent  electrical  develo|>inent  in  Greater  New  York 
demonstrates  this  on  a  magnificent  scale.  A  generation  ago 
it  would  have  defied  the  imagination  to  discover  any  natural 
connection  between  such  widely  different  agents  as  horses 
pulling  street  cars, .  locomotives  drawing  elevated  trains^  gas 
fighting  houses  and  streets,  water  operating  elevators,  stoves 
lieating  and  cooking,  and  engines  of  every  sort  and  dass 
doing  a  hundred  kinds  of  woric  But  all  of  diese  and  maoy 
others  are  in  common  being  superseded  by  the  electric  cur- 
rent, which  does  not  merely  replace  but  develops,  expands  and 
transforms.  It  is  notable  Hiat  all  of  this  varied  service  is 
to  be  supplied  from  altematif^-curient  generatorB.'' — Chaxlbs 
F.  Scott,  1901 


1 


'^  I  ^  HE  electric  currents  generated  in  the  arma- 
ture of  a  dynamo-electric  machine  are  al- 
ternating.    In  a  constant-current  machine 
these  alternating  currents  are  caused  to  flow  in  the 
^i*«Mt- ,  same  direction  by  the  use  of  commutators.     In  an 
jfjj^j^  alternator,   however,   they   are  permitted  to  flow 
natora.       through  tiie  external  circuit  in  alternate  directions. 
In  general,  therefore,  an  alternating-current  gen- 
erator, or,  as  it  is  more  frequently  called,  an  alter- 
nator, has  no  commutator,  the  current  being  taken 
directly  from  the  armature  by  means  of  collecting 
rings,  as  shown  in  Fig.  35. 

The  frequencies  generally  employed  vary  from 
25  to  140^^  (or  cycles)  ;  from  25  to  60 '^ being  re- 
garded as  low  frequencies,  and  from  60  to  140*^ 
as  high  frequencies. 
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The  number  of  poles  will  necessarily  depend  on 
the  speed  at  which  the  machine  is  driven,  and  on2{S£So?' 
the  frequency  it  is  desired  the  alternating  currents  SJJ^Jj^Jd 
shall  possess.  As  soon  as  these  two  ntimbers  are 
determined  the  number  of  poles  will  be  fixed.  In 
all  cases  the  field  poles  are  alternately  north  and 
south  around  the  field-magnet  frame.  Conse- 
quently, the  number  of  poles  must  always  be  even. 

The  advantage  of  high  frequencies  in  alternat- 
ing-current generators  lies  in  the  fact  that  the  size  tag«  and 
and  cost  of  a  transformer  are  less  with  high  thanugeso?*' 
with  low  frequencies.  On  the  other  hand,  when  qJiaiciM. 
the  frequencies  are  high,  where  direct-connected  al- 
ternators are  employed,  running  at  a  speed  of  loo 
revolutions  per  minute,  the  number  of  poles  neces- 
sary becomes  excessive.  Again,  another  objection 
to  high  frequencies  is  that  the  value  of  the  induc- 
tance and  capacity  effects  are  greater  than  with 
low  frequencies.  Moreover,  with  high  frequencies 
it  is  more  difficult  to  connect  several  alternators  in 
parallel.  As  we  will  see,  in  the  study  of  incandes- 
cent and  arc  lighting,  it  is  difficult  to  obtain  the 
necessary  steadiness  of  the  light  with  the  use  of 
frequencies  of  less  than  forty  cycles  for  arc  lamps 
and  twenty-five  cycles  for  incandescent  lamps. 

The  armature  of  an  alternator  may  be  either  of 
of  the  ring,  drum,  pole,  or  disk  type.     The  ar- various 
rangement  of  the  wires  or  conductors,  however,  isg^tSJ*. 
different  from  continuous-current  machines.     Since  ^"iJ^Jf 
the  fields  of  alternators  are  practically  always  multi- 
polar, an  armature  winding  that  passes  a  north  pole 
will  have  currents  developed  in  it  that  will  flow 
in  the  opposite  direction  when  such  winding  passes 
the  south  pole.    Therefore,  it  is  necessary  either  to 

wind  alternate  coils  in  opposite  directions,  or  to  so 
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connect  them  that  they  shall  be  alternately  right  and 
left-handed  windings. 

Take,  for  example,  the  alternator  shown  in  Fig. 

Twotypet  38,  whcrc  the  armature  coils  seen  at  the  top  of  the 

wiSSS^!*"  figure  are  wound  in  alternately  opposite  directions, 

while  in  that  shown  at  the  bottom  of  the  figure, 

they  are  wound  in  the  same  direction,  but  connected 

so  as  to  be  alternately  right  and  left-handed. 

Sometimes  it  is  more  convenient  to  rotate  the 
field-magnet  poles  than  to  rotate  the  armature,  as 


c^ 


>^\  ^  i^' 


^ 


Fig.  38. — ^Two  different  types  of  ring-armature  windings  for  alternators. 

is  the  case  in  the  Gramme  alternator  of  Fig.  39, 
Early        whcrc  the  eight  field-magnet  poles  are  placed  within 
oSmme     ^  ^^"S"  ^rmaturc.    Here  the  number  of  coils  wound 
alternator,  qj^  ^j^g  armaturc  is  four  times  as  great  as  the  num- 
ber of  field-magnet  poles.     Consequently,   as  the 
four  separate  windings  pass  the  poles,  alternating 
currents  are  produced  in  them  differing  in  phase 
by  45^ 

In  disk  armatures  the  coils  are  secured  to  the 
surfacfc  of  a  thin  disk,  and  are  rotated  between  sets 


ll 

Ml 

i 
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of  Opposite  field  magnets  S,  N ;  N,  S ;  S,  N ;  etc.,  as 
in  Fig.  40.     Here,  as  will  be  seen,  the  polarity  of 


Flo.  39. — Windinf  of  Granme-riiiB  Armature  with  ttyoliiog  field  itiiKiwI 


the  field  magnets  alternates,  but  opposite  poles  al-An»D«. 
ways  face  each  other.  In  this  case  the  armature  unutiue 
coils  are  without  iron  cores.    The  connection  of  thsaisk 


Fm.  4a.-~Wiiiding  at  coali  u 

separate  armature  coils  to  each  other  and  to  the  two 
collecting  rings  is  shown  in  Fig.  41.     Here  the 
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arrows  indicate  the  direction  of  the  currents  in- 
^iue*"^  duced  in  each  coil.    The  connection  of  the  coils  in 
ofwM-^"  series,  and  their  connections  to  the  two  collecting 
turecoUs.    rings,  will  also  be  seen.     Sometimes,  where  com- 
paratively low  pressures  are  desired,  the  separate 
armature  coils  are  connected  in  parallel,  instead  of 
.in  series.     Owing  to  the  rapid  reversals  in  the  di- 
rection of  the  current  the  cores  of  the  armatures 
of  alternators  must  be  carefully  laminated. 

Compound-     I^  compound-wound  alternators,  as  in  compound- 
aitcrMtors.  wouud  direct-current  machines,  there  are  two  sepa- 
rate sets  of  magnetizing  coils  on  the  field-magnet 


Fig.  41. — Connection  of  coils  of  disk  armature  of  alternator. 


cores.     The  current  supplied  to  one  of  these  coils 
is  obtained  from  a  separate  direct-current  machine, 
called  the  exciter.     The  current  required  for  the 
other  field-magnet  coil  is  obtained  by  connecting 
a   part   of  the   armature   coils   to   a   commutator 
mounted  on  the  same  shaft  as  the  collecting  rings. 
d^tSiuof    This  arrangement  is  seen  in  Fig.  42,  where  one 
wwnd"°^'  of  the  two  separate  windings  of  the  fidd-magnet 
a  trnators.  ^^jj^  .^  permanently  connected  to  the  small  continu- 
ous-current machine  which  supplies  the  current  nec- 
essary to  generate  the  initial  E.M.F.,  while  the  sec- 
ond winding  is  connected  to  the  armature,  through 
a  shunt  around  the  commutator.    In  this  way  only 
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some  of  the  armature  <xuls  are  coounuted,  and  the 
commuted  coirent  passes  througfa  one  of  the  wind- 
ii^  of  the  fidd-magnet  coils.  This  commutator  is 
seen  in  the  figure  at  C  The  odlecting  rit^  are 
shown  at  L,  L'.  A  is  the  main  driving  pulley,  and 
F  the  pulley  employed  for  driving  the  small  oon- 
tinuous-currcDt  exciter. 

Alternators,    like    direct-current    dynamos,    are  a 
either  belt-driven  or  direct-driven.     Large  sizes  arei 


nearly  always  direct-driven,  just  as  in  the  case  of 
continuous-current  generators. 

A   compound-wound,   belt-driven    alternator,   of  W^* 
the  Westinghouse  Company's  type,  capable  of  pro-*-'^'?^? 
during  90  K.W.,  with  16,000  altematitms,  at  ^.ooo™^^ 

revolutions  per  minute,  is  represented  in  Fig.  43.  «> 

Here,  necessarily,  sixteen  field-magnet  poles  are 
employed.  These  machines  are  wound  for  either 
1,100  or  2,200  volts,  as  may  be  desired.  It  will  be 
observed  that  the  machine  is  of  the  two-bearing 
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type.  The  laminated  annature  core  is  obtained 
t^  employing  punched  disks  of  carefully  selected 
*'  sheet  steel.  Since  the  act  of  punching  the  disks 
tends  to  harden  them,  it  is  necessary  to  anneal  or 
soften  them  by  subsequent  heating  and  gradual 
axjling.  The  armature  core  is  provided  with  longi- 
tudinal perforations,  that  are  connected  with  ducts 
perpendicular  to  the  axis  of  the  core,  and  so  ar- 


FlG.  43-— Compound 


ranged  that  when  the  machine  is  running  air  is 
drawn  through  the  core  and  thrown  forcibly  against 
the  armature  windings  and  the  pole  pieces,  thus 
preventing  too  great  increase  of  temperature.  The 
coils  of  the  armature  are  usually  machine  wound, 

A  toothed-core  armature,  with  machine-wound 
Kwls,  for  a  machine  of  the  preceding  type,  is  rep- 
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resented   in    Fig.    44.     Two  or   three    concentric 
coils  are  employed  for  each  pole.     The  field  poles  ^I^SJi^ 
are  built  up  of  thin  sheets  of  steel,  which  are  w2«'ki. 
then  placed  in  the  mold  and  cast  in  the  iron  yokef^l^tar. 
of  the  field  frames,  thus  diminishing  the  loss  due 
to  eddy  currents  in  the  pole  pieces.      The  field 
magnets   are   provided    with   two    separate,    inde- 
pendent windings,  one  of  which  is  supplied  with 
current  from  a  separate  exciter,  while  the  other, 
called  the  compensating  coil,  is  supplied  with  cur- 
rent from  the  armature  of  the  alternator  in  the  fol- 
lowing manner:  An  independent  winding  is  placed 
on  what  might  be  called  the  spokes  of  the  armature. 


This  winding  acts  as  the  secondary  coil  of  the  trans- 
former,  the  primary  of  which  consists  of  a   fewiie"fi>of 
turns  of  wire  through  which  passes  the  main  cur-  ™^agot 
rent  produced  by  the  machine.      The  ends  of  the  "     '^' 
secondary  winding  of  this  transformer  are  con- 
nected with  the  s^ments  of  the  small  commutator 
placed  on  the  shaft  of  the  machine.    By  these  means 
the  current  is  commuted,  and  this  current  is  sup- 
plied to  the  compensating  coils  of  the  field  magnet. 
The  employment  of  this  method  of  compensation 
enables  the  alternator  to  be  adjusted  so  as  to  sup- 
ply a  nearly  ccmstant  voltage  from  practically  no 
load  to  the  full  load  of  the  machine. 
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An  armature  frame  of  a  Westinghouse  direct- 
tl^S^  driven  alternator,  or,  as  it  is  sometimes  called,  an 
SSdwL  engine  type  of  alternator,  is  shown  in  Fig.  45. 
^^^£f  The  great  size  of  this  armatwe  frame  may  be  esti- 
^!^£^  mated  l^  comparing  it  with  that  of  a  man  of  aver- 
**'^        age  height  standing  in^de  the  frame.      In  large 


sizes,  the  Westinghouse  alternators  are  made  of 
two  different  types ;  viz.,  those  in  which  the  arma- 
ture rotates  and  the  field  magnets  are  fixed,  and 
those  in  which  the  field  magnets  rotate  and  the 
armature  is  fixed.  The  armature  frame  shown  in 
the  above  figure  is  of  the  second  type. 
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For  high-voltage  alternators,  where  the  current 
produced  is  small,  the  armature  coils  consist  gen- 
erally of  machine-wound  coils,  that  are  formed  and  w  .J*^ 
insulated  before  being  placed  in  the  armature  slots.  KSe*^" 
For  alternators  of  lower  voltage,  bars  or  straps  of  ;{^;;^ 
copper  are  employed,  the  end  connections  of  the 
bar  windings  being  secured  to  the  bars  after  the 


c  of  WcstingbouK  Cdid- 

conductors  are  placed  in  position.  A  portion  of 
a  bar  winding  of  a  rotating-armature  alternator  of 
the  Westinghouse  type  is  represented  in  Fig.  46. 

Where  the  armature  is  stationary  and  the  field 
magnets  revolve,  the  field  magnets,  when  mounted 
on  the  armature  shaft,  act  as  a  fly-wheel  for  the 
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engine,  the  laminated  plates  being  jcMned  and  held 
together  \sy  bolts. 

A  laminated  pole  piece  for  rotating  fidd-magnet 
alternators  is  seen  in  Fig.  47. 

GcBoai  A  belt-driven  alternator,  as  constructed  by  tbe 
SS^T^  General  Electric  Company,  designed  to  operate  at 
onapooii^  3  Speed  of  750  revolutions  per  minute,  is  shown  in 
Zumur.  Fig.  48.  liiis  machine  is  wound  either  for  1,150  or 
2,300  volts,  as  may  be  desired.  It  produces  15,000 
alternations  per  minute,  or  125  '-  per  second.    Since 


it  runs  at  750  revolutions  per  minute,  the  number  of 
its  poles  must  be  20.  The  machine  is  compound- 
wound.  One  of  the  ftdd-magnet  windings  is  fur- 
nished with  current  from  a  separate  exciter.  The 
main  driving  pulley  and  the  exciter  pulley  are  seen 
at  the  left  and  right-hand  side  of  the  armature  shaft 
respectively.  The  armature  core  is  built  up  of  lami- 
nations of  a  special  soft  st^l.  The  armature  is 
provided  with  perforations  extending  between  the 
coils  and  through  the  core,  so  that,  while  running, 
a  cCTistant  stream  of  air  is  passed  through  it,  thus 
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tending  to  keep  the  armature  cool.  The  pole  pieces 
of  the  field  magnets  are  also  laminated,  and  are 
cast  into  the  armature  core. 

A  direct-driven  revolving-field  alternator,  of  the{j,„g„| 
General  Electric  Company's  type,  of  750  K.W.  ca-  ^i^^, 
pacity,   is    shown    in    Fig.  49.     This   machine    is  jh^, 
wound  for  voltages  of  from  2,300  to  11,500  volts,  ™pJ"° 
as  may  be  desired.    At  140  revolutions  per  minute""''"" 


Fic.  48.— Gensral  Electric  Company's  Belt-driven  Altermtof. 

it  produces  7,200  alternations  per  minute.  These 
machines  are  suitable  for  the  transmission  of  power, 
and  for  arc  lighting  purposes.  The  arrangements 
for  the  revolving  field  for  a  machine  of  smaller 
size  are  shown  in  Fig.  50.  Here  the  laminated 
pole  pieces  are  mounted  on  a  steel  ring. 

Two  different  methods  are  employed  by  the  Gen- 
eral Electric  Company  for  constructing  the  field- 
magnet  coils  of  a  revolving-field  generator.      Fw 
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Gcneni  the  Smaller  machines  the  magnetizing  coils  are 
comvutft  wound  on  spools,  which  are  slipped  over  the  pole 
wiaduiK  pieces,  and  held  in  place  by  the  enlarged  pole  tips. 
Kt^SI?"  For  large  machines,  where  the  magnetizing  cur- 
ing^J'  rents  are  heavy,  the  field-magnet  coils  consist  of 


Ten  Rerohring-field  Alt«f> 


Thei'        a  single  strap  of  cc^per,  wound  on  edge,  thus  per- 

fi^!r*      mitting  the  surface  of  each  turn  to  be  exposed  to 

wifa!*'      ^^  ^''"  ^'^^  cooling  purposes.      This  method  will 

be  better  understood  from  an  examination  of  Fig. 
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51,  where  the  cof^r  strap  is  shown  partly  womid 
in  a  coil,  and  partly  left  unwound. 


A  2,000  K.W.  revolving-field  alternator,  as  madegj^ 
by  the  Stanley  Electric  Company,  is  shown  in  Fig.  ^^PSJ"* 
52.     An  outside  shell  forms  the  support  for  thej^*""^ 


armature  core  punchings.    These  are  held  in  place 
either  by  means  of  bolts,  or  by  dovetails.    Veo- 
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tilating  ducts  are  provided  in  the  armature,  so  as 
to  avoid  undue  heating.  The  armature  coils  are 
machine  wound,  and  are  wound  for  various  pres- 
sures, up  to  as  high  as  12,000  volts.  The  field 
cores,  like  those  of  the  preceding  machines,  consist 


Fio.  Si.— Suoley  EleclrLc  Company's  Revolving-field  Alternator,  at  a.ooa 
K.W.  capscily. 

of  laminated  pole  shoes,  that  have  the  cores  subse- 
highp4>.  quently  cast  on  to  them.  Since,  in  this  machine, 
S^'ttaes.  the  armature  windings  are  stationary,  high-pres- 
sure collecting  rings  are  unnecessary,  the  only  slid- 
ing contacts  being  those  required  to  supply  the  field 
coils  with  currents  from  the  exciter. 
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CHAPTER   VI 

ALTERNATING-CURRENT    TRANSFORMERS 

« 

"At  the  head  of  this  long  line  of  illustrious  investigators 
stand  the  pre-eminent  names  of  Faraday  and  Henry.  On  the 
foundation-stones  of  truth  laid  down  by  them  all  subsequent 
builders  have  been  content  to  rest" — The  Alternating  Current 
Transformers:  J.  A.  Flimino 

IN  many  of  the  streets  of  our  large  cities  appa- 
ratus resembling  that  seen  in  Fig.  53  may  be 
observed,  either  on  the  tops  of  poles,  or  on  the 
sides  of  houses.  Such  apparatus  is  connected  atj^^^^;^J^ 
two  of  its  terminals  to  wires  that  are  supported  on  SSert. 
the  street  pcies,  and  at  its  two  other  terminals,  to 
wires  that  pass  into  the  house  or  building.  This 
apparatus  is  an  alternating-current  transformer. 
The  wires  from  the  street  are  connected  to  the  ends 
of  its  primary  coils,  and  those  which  enter  the  house 
or  building  to  the  ends  of  its  secondary  coils. 

As  we  have  seen,  the  alternating-current  trans- 
former was  invented  by  Faraday  during  his  inves- 
tigations of  the  phenomena  of  dynamo-electric  in-2Sy**^'" 
duction,  the  first  transformer  taking  the  shape  of  an  ^^^"^ 
iron  ring.    Let  us  suppose  that,  for  the  sake  of  ob-  tomen. 
taining  the  advantages  of  high  electric  pressures, 
a  current  of  high  E.M.F.  has  been  transmitted  from 
a  distance  over  the  line  wires  or  conductors  to  the 
building  where  it  is  desired  to  be  employed  for 
tiie  purpose  of  feeding  incandescent  electric  lamps. 
Should  the  high-pressure  ciu-rent  be  sent  directly 
through  the  lamp  it  would  send  so  strong  a  ciurrent 
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through  the  filaments  that  the  lamp  would  be  almost 
£;  instantly  destroyed.  It  is  necessary,  therefore,  that 
the  pressure  or  E.M.F.  be  lowered  before  being  con- 
nected to  the  lamp  terminals.  This  lowering  or 
transformation  of  the  pressure  is  readily  done  by  the 


use  of  step-down  alternating-current  transformers, 
by  sending  the  high-pressure  electric  current  through 
the  primary  coil  P,  Fig.  54,  and  connecting  the 
secondary  coil  S  of  such  transformer  with  the  dr- 
cuit  in  which  the  incandescent  lamps  are  to  be  em- 
ployed. 
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Whea  the  field  magnets  of  an  alternating-current 
dynamo  are  rotated  before  the  coils  of  wire  on  the 
armature,  alternating  electric  currents  are  gener- 
ated in  the  armature  coils  with  a  frequency  that  will  Sjftvi 
di^end  on  die  number  of  times  a  pole  passes  a  coil.  R£^ 
The  value  of  the  RM.F/s  thus  induced  in  any  coil  £S^ 
dq>ends  on  the  number  of  turns  of  conducting  wire  ho7 
in  such  coil,  and  on  its  rate  of  cutting  magnetic 
flux.  When  an  alternating  current  is  passed  through 
the  iHrimary  coils  of  an  alternating-current  trans- 
former, the  expanding  ami  contracting  lines  of  mag- 
netic iorce  pass  through  and  cut  the  coils  of  wire 
on  the  secondary.  Consequently,  there  are  gener- 
ated, in  the  secondary,  E.M.F.'s  of  the  same  fre- 
quency as  those  in  the  primary.  The  value  of  the 
E.M.F/S  thus  generated  in  the  secondary,  as  com- 
pared with  those  in  the  primary,  will  depend  on  the 
relative  number  of  turns  of  conducting  wire  in  the 
primary  and  secondary  circuits.  An  alternating- 
current  transformer  may,  therefore,  be  r^^arded  as 
a  species  of  dynamo-electric  machine,  in  which 
neither  the  armature  nor  the  field  magnet  rotates. 
Here  the  primary  coil  of  the  transformer  corre- Secondary 
sponds  to  tihe  revolving  field  magnets,  and  the  sec- 
ondary coil  to  the  armature  coils.  It  is  for  this 
reason  that  an  ahemating-current  transformer  is 
sometimes  called  a  secondary  generator,  although 
this  term  is  also  applied  to  other  apparatus,  as  we 
shall  hereafter  describe. 

In  any  transformer  the  passage  of  the  dectric 
current  through  the  primary  coils  will  produce,  by 
mutual  induction,  in  the  secondary  coils,  alternat- 
ing currents  of  the  same  frequency  as  those  in  the 
primary;  so  that,  in  the  case  before  referred  to,  in 
connection  with  Fig.  54,  the  incandescent  lamps 
will  be  operated  by  alternating  electric  currents  of 
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the  same  frequency,  but  of  a  lower  pressure  than 
those  of  the  currents  which  are  transmitted  from  the 
distant  end  of  the  line  where  they  were  generated. 

As  we  have  seen,  the  value  of  the  E.M.F/s  in- 
duced in  the  secondary  coil  will  depend  on  the  rela- 
tive number  of  turns  of  conducting  wire  in  the  two 
coils.  If,  for  example,  the  secondary  coil  contains 
say  one-tenth  the  number  of  turns  of  the  primary, 
the  flux  passing  through  it  only  fills  and  empties 
one-tenth  of  the  number  of  secondary  turns  that  it 


Fig.  54, — Simple  form  of  Alternating-current  Transformer.  The 
high  pressure  from  the  line  passing  through  the  primary  coil  P  pro- 
duces a  low  pressure  for  the  multiple-connected  lamps,  through  the 
secondary  coil  S. 

fills  in  the  primary  coils.  Consequently,  the  E.M.F.'s 
will  have  a  value  of  but  one-tenth  the  value  of  the 
E.M.F.'s  in  the  primary  coil.  If,  therefore,  the 
RM.F.'s  impressed  on  the  primary  coils  are  i,ooo 
volts  effective,  then  the  E.M.F.'s  generated  in  the 
secondary  coils  by  mutual  induction  will  be,  ap- 
proximately, but  loo  volts.  Since  the  number  of 
turns  of  wire  in  the  secondary  coil  is  but  one-tenth 
the  number  in  the  primary  coils,  the  resistance  of 
the  secondary  would  be  but  one-tenth  that  of  the 
primary.  Consequently,  the  secondary  would  have 
to  carry  a  current  ten  times  as  great  as  the  current 
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Strength  passing  through  the  primary.  In  order  to 
permit  the  secondary  to  readily  carry  such  an  in- 
creased current,  it  would,  of  course,  be  necessary 
to  increase  the  area  of  cross-section  of  the  sec- 
ondary conductor.  A  transformer,  in  such  a  case, 
would  transform  the  pressure  from  i,ooo  volts  to 
ICO  volts,  or  it  would  lower  the  pressure.  For  this 
reason  it  is  called  a  step-down  transformer. 

Instead,  however,  of  connecting  the  line  circuit 
with  the  primary  coil  P,  it  may  be  connected  with 
the  secondary  coil  S.     In  other  words,  let  S,  Fig. 
54,  be  the  primary  coil,  and  P  the  secondary  coil,  ^dpie 
Let  a  pressure  of  say  loo  volts  effective  be  applied  Si  J*^ 
to  S  as  a  primary,  and  let  the  ends  of  the  secondary  tStm^' 
coil  P  be  connected  with  the  working  circuit.    The 
flux  passing  through  the  turns  of  the  primary  are 
now  linked  with  ten  times  the  number  of  turns  in 
the  secondary  coils.    Consequently,  the  pressure  will 
be  ten  times  as  great,  or  the  lOO  volts  effective  will 
produce  a  pressure  of  i,ooo  volts  in  the  secondary 
coil  P.     In  other  words,  the  pressure  has  been  in- 
creased.   For  this  reason  a  transformer  of  this  type 
is  called  a  step-up  transformer. 

An  extremely  valuable  property  of  the  alternat- 
ing-current transformer  is  found  in  the  fact  that  it 
is  self-regulating,  as  will  be  evident  from  the  f ol- r^iatinir 
lowing  consideration.     The  rapidly  varying  cur-aitematint- 
rents  passing  through  the  coils  of  the  primary,  sett«M. 
up,  by  self-induction,  counter  E.M.F.'s,  as  they  are 
sometimes  called,  in  its  terminals,  which  will  pos- 
sess the  same  frequency  as  that  of  the  E.M.F.'s  that 
are  producing  it ;  that  is  to  say,  the  coil,  by  its  own 
self-induction,  acts  as  a  choking  coil,  and  tends  to 
limit  the  amount  of  current  flowing  through  its  own 
circuit.    At  tHe  same  time,  the  expanding  and  con- 
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tracting  lines  of  magnetic  fltiXy  passing  through  the 
secondary  coils,  set  up  £.M.F.'s  therein  by  mutual 
induction.  Now,  while  the  terminals  of  the  sec- 
CHidary  coils  remain  open ;  or,  in  other  words,  while 
there  is  no  load  of  lamps,  or  other  apparatus,  being 
operated  by  the  seccmdary,  its  presence  will  have  no 
effect  on  the  amount  of  the  reactance  or  the  choking 
effect  in  the  primary  coils.  As  soon,  however,  as 
the  terminals  of  the  secondary  coils  are  closed 
through  the  load  of  lamps,  motors,  etc.,  the  current 
8eif.regu.  passing  through  the  secondary  coils  will  tend  to 
£^?t^.  magnetize  the  core  of  the  primary  coils  in  the  oppo- 
^SSmi.  site  directi(Mi  to  that  in  which  the  primary  current, 
iSmr  it  passing  through  such  coils,  is  magnetizing  it  This 
will  have  the  effect  of  decreasing  the  amount  of  the 
reactance  or  choking  effect  in  the  primary  coils. 
Consequently,  as  the  current  flow  through  the  sec- 
ondary circuit  becomes  greater,  a  greater  current 
will  be  permitted  to  flow  through  the  primary  cir- 
cuit from  the  line  conductor,  and  in  this  way  the 
circuit  becomes  self-r^^lating,  the  variations  in  the 
choking  effects  thus  permitting  the  coils  automati- 
cally to  r^^late  the  amount  of  current  passing 
through  it  to  that  required  to  supply  the  secondary 
circuit  with  the  amount  of  current  required  to 
properly  operate  it. 

The  simple  ring-core  transformer  shown  in  Fig* 
54  would  not  be  economical  in  actual  use,  since  the 
magnetic  flux  produced  by  the  primary  currentwould 
^dency    ^^^  ^^'  P^^  through  the  wires  of  the  secondary; 
Jj^^uani.  ^^>  ^"  other  words,  the  magnetic  leakage  would  be 
former,      great.    In  order  to  avoid  this,  the  primary  and  sec- 
ondary coils  are  placed  as  near  together  a,s  prac- 
ticable.   The  core  is  so  shaped  as  to  provide  a  mag- 
netic circuit  which  shall  direct  as  many  of  the  lines  of 
magnetic  flux  through  the  loops  of  the  coil  as  possible. 
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The  simple  form  of  transformer  shown  in  Fig. 
195,  Vol.  I,  would  also  be  objectionable  from  the 
fact  that,  possessing  a  high  magnetic  leakage,  it 
would  require  the  strength  of  the  magnetizing  cur- 
rent to  be  correspondingly  increased,  in  order  to 


Fto.  55.— Virlcr*!  limpk  form  of  Shell  Tnnttormtc.  Note  the  taot 
that  tbe  bending  of  tin  Ircm  wire*  cunret  whu  la  pnctieillT  a  doaad 
nuenede  (drcnil. 

cause  suf^cient  magnetizing  flux  to  pass  through  theTwDirpa 
coils.    This  objection  would  be  greatly  remedied,  as?orm^ 
has  been  done  by  Varley,  by  bending  the  soft  iron'r»n^ 
wires  employed  for  the  laminated  core  over  one  an-uuiibeu 
other,  as  in  Fig.  55,  thus  surrounding  the  coils  by  anSS«. 


iron  shdl.  Here  the  primary  and  secondary  coils 
are  placed  one  over  the  other.  The  iron  of  the  core, 
however,  that  passes  outside  the  coil,  affords  an  in- 
creased radiating  surface  by  the  loss  of  heat.  By 
placing  the  primary  and  secondary  coils  side  by; 
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side,  as  in  Fig.  56,  as  was  done  by  Zi[f)ernowski, 
and  windii^  a  core  of  iron  wire  through  aad  over 
them,  we  have  a  form  of  transformer  that  possesses 
many  advantages.  There  thus  arise  two  types  of 
transformers ;  viz.,  core  transfonners,  such  as  shown 
m  Fig.  18,  and  shell  transformers,  as  shown  in 
Fig.  56.  Many  e^rcellent  transformers  are  built 
in  accordance  with  both  of  these  types. 

It  is  a  matter  of  the  greatest  importance  that  the 
temperature  of  a  transformer  should  be  kept  as  low 


Flo.   $7, — Genen]   Electric  Compur'i  bminaUd  core  for  Con  Tnna- 
fanner. 

as  possible.  Consequently,  the  core  must  be  carefully 
e  laminated,  so  as  to  prevent  undue  heating  by  the 
setting  up  of  eddy  currents.  This  is  done  t^  build- 
ing the  core  of  laminations,  or  separate  sheets  of 
the  best  softened  iron  of  about  one-twentieth  of  an 
inch  in  thickness.  In  transformers  of  the  core  type 
the  core  is  built  up  of  rectangular  punchings,  as 
shown  in  Fig.  57.  In  order  to  diminish  the  dis- 
agreeable humming  noise,  so  common  in  trans- 
formers, both  the  separate  laminations  of  the  core 
and  the  coils  on  the  core  are  bound  firmly  together, 
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SO  as  to  prevent  vibrations  due  to  magnetic  at- 
tractions and  repulsions. 

In  a  core  type  of  transformer,  as  manufactured 


by  the  General  Electric  Company,  and  known  asg^jj^ 
their  Type-H  transformer,  the  secondary  coils  are^JSKf'"' 
wound  directly  on  the  core,  and  the  primary  coils  gjlj^^^"^ 


Fio.   so. — Generi]   Electric  Conpuiy'*  Oil-coolcd  T]tpe-H   TrsosfoniMr, 
(ScctlDIUl  view.) 

are  wound  directly  on  top  of  the  secondary,  as 
shown  in  Fig,  58,  where  a  cross-section  of  the  coil 
and  the  core  shows  the  construction  of  this  type  of 
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^iparatus.  Where  oil  is  employed  for  coolit^  pur- 
poses, the  transformer  is  placed  in  an  outer  iron 
core,  and  surrounded  by  oil,  as  seen  in  Fig.  59. 
Since  doubling  the  size  of  a  transformer  causes  the 
current  it  produces  to  increase  approximately  six- 
fold, while  the  surface  from   which  the  heat  is 


Fie.  60. — Gcncio.  Electric  Company's  Oil-cooltd  Type-H  Tnnsformcr, 
(With  case  removed.) 

radiated  is  only  increased  fourfold,  in  transformers 
^i-^^,'  of  large  size  especial  care  is  necessary  in  order  to 
asd^water-  ^^qJ^  undue  heating.     Such  transformers  are  kept 
loraen.     cool  either  by  passing  air,  oil,  or  water  through  them, 
thus  giving  rise  to  types  of  transformers  known  as 
air-cooled,  water-cooled,  and  oil-cooled  transform- 
ers.    At  the  same  time,  the  iron  case  which  sur- 
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rounds  the  transformers,  and  contains  the  liquid,  is 
[»-ovided  on  the  outside  with  convolutioiis,  so  as  to 

present  as  great  an  extent  of  air  surface,  for  radia- 

tion,  as  possible.     An  oil-cooled  General  Electric  u^^ 
Company's  transformer  of  the  type  H,  or  core  type,  oii^^SST' 
is  shown  in  Fig.  60,  with  the  case  removed,  so  asiS^. 
to  show  some  details  of  construction.    An  oil-cooled 
transformer,  when  well  designed  and  constructed, 


Via.  Gi. — WeitinghouM  Electric  Compuy's  Sbcll  Type  of  Tniufonner. 

should  not  increase  in  temperature  beyond  125°  F. 
Water-cooled  transformers  may  be  built  so  as  not 
to  increase  in  temperature  beyond  122°  F. 

Shdl  transformers  are  made  in  various  forms.  ^^^ 
That  shown  in  Fig.  61  is  the  form  adopted  by  the^j;™^^ 
Westinghouse  Electric  Company.     Here  the  coils «h«^w 
are  surrounded  at  their  central  portions  only  by  the  (on"*- 
laminations  of  an  iron  core,  constructed  as  ^lown 

f         or  Tue    '^^ 
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in  Fig.  62.  The  ends  of  the  coils  projecting  be- 
yond the  iron  core  are  spread  apart,  so  as  to  present 
an  extended  surface  for  the  cooHng  action  of  the  oil 
or  water. 


G««™         A  form  of  shell  transformer,  as  constructed  by 
coojPM7'«  the  General  Electric  Comi»ny,  is  seen  in  Fig.  63. 


Here  the  primary  and  secondary  coils  are  assembled 
as  shown  in  the  figure,  with  air  spaces  left  between 
them  for  ventilation. 


A  type  of  shell  transformer,  as  constructed  by 

Ei^^     the  Stanley  Electric  Company,  is  shown  in  Fig. 

sjTeM^SS^  64.     Here  a  laminated  core  of  sheet  iron  is  seen 

partly  surrounded  by  coils,  the  upper  and  lower 

ends  of  which  are  exposed  either  to  air,  water,  or 

oil,  employed  for  cooling  purposes.     The  coils  are 


ALTOaiATIIia^OMaEST  TMAVafOSMERB  107 

aqarately  wonad  and  insulated,  and  are  placed 
inside  one  another,  as  shown  in  Fig.  65. 

In  nearly  all  cases  the  primary  and  secondary  swucii  for 
circuits  consist  of  a  number  of  sqtarate  coils,  sepA-X^^Bt 
lately  wound  and  insulated,  and  so  arranged  as  Xo'^^i^ 
be  readily  cc»inec^ed  together  in  series,  parallel,  I^^S^^' 
etc.,  so  as  to  vary  the  ratio  of  transformation.  ''*°"""* 


Fto.  tij. — Genenl  Elcctrie  Company'*  SbctlType  of  Tr>n>foni>er, 

This  coui^ing  of  the  coils  is  generally  so  ar- 
ranged as  to  be  readily  effected  by  the  turning 
of  a  switch  handle.  An  arrangement  of  this 
character  is  shown  in  Fig.  66. 

Where  the  line  conductors,  employed  for  trans- 
mitting the  electric  currents  through  the  trans- 
iarvaa,  are  placed  underground,  it  is  more  con- 
venient  to  place   the  transfonner   also    in   some 
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convenient  underground  space;  such.for  example,as 
in  manholes  connected  with  subways  in  which  un- 
derground conductors  are  placed.  Since  such  spaces 
are  limited,  any  increase  in  the  size  of  the  trans- 
former is  generally  obtained  by  an  increase  in  its 
length.  Since  the  manholes  are  frequently  filled 
with  water,  it  is  necessary  that  the  transformer  be 


Flo.  64.— Stanley  Electric  Company's  Shell  Type  of  Truufonner. 

made  water-tight.  Moreover,  since  such  trans- 
formers are  often  connected  with  the  mains  for  the 
entire  twenty-four  hours  of  the  day,  it  is  necessary 
that  the  transformers  must  heat  as  little  as  possible, 
since  the  subways  are  generally  air-tight.  An  oil- 
cooled  type  of  the  General  Electric  Company's  sub- 
way transformer  is  shown  in  Fig.  6^. 
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The  various  losses  that  occur  in  alternating-cur- t™» 
rent   transformers   are  as   follows:   those  due  to>««^ 


Prinuiy  and  ■!» 


the  copper  loss,  or  to  the  currents  heing  trans- 
mitted through  the  conducting  coils  against  their 
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ohmic  resistance;  those  due  to  setting  up  of  eddy 
or  Foucault  currents  in  the  iron  cores ;  those  due  to 
hysteretic  losses,  together  with  the  loss  due  to  the 
small  current  which  flows  in  the  primary  circuit 
when  the  secondary  circuit  is  opened,  and  which  is 
sometimes  called  the  leakage  current. 

The  efficiency  of  transformers  can  be  made  as 
hi§^  as  98  per  cent  for  full  load.    At  one-quarter 


S;.— General    Eleeli 


load  they  may  have  an  efficiency  of  from  94  to  95 
per  cent  Although  this  efficiency  is  very  high,  yet, 
in  many  cases,  such,  for  example,  as  where  trans- 
formers are  feeding  lamps,  the  loss  in  the  aggregate 
is  comparatively  high,  since  the  transformers  are 
run  for  a  great  part  of  the  time  on  a  very  small 
load. 
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Transformers  arc  constructed  with  various  fre- 
quencies.    These  are  generally   from  40  to   i4oj!JSSfre. 
periods  per  second,  or  from  4,800  to  16,800  alter- ^'"•^'•^ 
nations  per  minute. 

As  in  the  case  of  alternators,  transformers  are  coDstaot. 
built  so  as  to  supply  constant  currents  as  well  asSSuJ"^ 
constant  potentials.     The  former  are  employed  toSSSSUtin. 
feed  incandescent  and  arc  lamps  in  series,  while  the 
latter  are  for  supplying  multiple  circuits  generally. 

The  high  pressure  employed  in  alternating  cur- 
rents renders  them  extremely  dangerous.  Conse- 
quently in  order  to  avoid  fatal  accidents,  every  pre- 
caution should  be  taken  to  prevent  the  high  tension  ^m^^^' 
circuit  from  being  connected  with  the  low  tension  l^en. 
circuit.  This  is  acccnnplished  by  means  of  various 
devices  for  automatically  grounding  the  secondary 
circuit  as  soon  as  its  pressure  becomes  dangerous, 
or  by  means  of  a  grounded  metallic  shield  inter- 
posed between  the  primary  and  secondary  circuits. 
It  may  also  be  avoided  by  permanently  grounding 
the  secondary  circuit. 


CHAPTER   VII 


EARLY    mSTGRY    OF    ELECTRIC    LIGHTING 

"Night's  candles  are  burnt  oat»  and  jocund  day- 
Stands  tiptoe  on  the  misty  mountain-tops." 

— Romeo  and  Juliet,  Act  I,  Scene  V 

ROMETHEUS,  son  of  lapetus,  who  is  re- 
puted to  have  stolen  the  sacred  fire  from 
heaven  and  bestowed  it  upon  mortals,  was, 
ftome-  according  to  general  mythological  belief,  badly 
5SSS'8  *  treated  for  this  great  bcaiefacticMi.  At  the  com- 
Sidtoi  anT  mand  of  the  incensed  Jupiter,  he  is  said  to  have 

early  in-  •f    tr         y 

▼entor.  bccn  chained  for  30,000  years  to  a  rock  on  Mount 
Caucasus,  where  a  vulture  was  commanded  to  feed 
each  day  on  his  liver,  which  grew  again  during  the 
night.  Prometheus  must  indeed  have  suffered  f rcmi 
an  abnormal  growth  of  the  liver,  and  a  diseased 
condition  of  this  organ  generally.  As  is  wdl 
known  in  medical  science  to-day,  there  is  a  patho- 
logical condition  of  the  human  body  called  jaundice, 
which  is  due  largely  to  a  diseased  liver.  This  dis- 
ease tends  to  pervert  the  judgment,  and  cause  sub- 
jects to  be  regarded  mentally  in  a  false  light.  Poor 
Prometheus,  jaundiced  as  he  may  have  been,  was 
far  less  afflicted  with  this  dire  disease  than  those 
who  judged  him  so  uncharitably,  and  so  utterly 
failed  to  recognize  the  great  benefit  that  he  be- 
stowed upon  mankind.  Had  he  been  judged  in  the 
light  of  to-day,  he  would,  beyond  doubt,  have  been 
heralded  as  an  inventor  of  the  first  water,  for  he 
it  was  who  first  discovered  the  great  value  of  fire, 

(112) 
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and  taught  mankind  how  to  obtain  it.    It  was  he, 
too,  who,  in  all  probability,  also  taught  mankind  SiS2.*uie 
how  to  extend  the  range  of  the  articles  suitable  for  JJS&iJ/ 
their  food.    But  the  great  benefit  which  Prometheus  {JT^ 
bestowed  on  mankind  by  his  discovery  was  the 
great  feat  he  thus  achieved,  by  the  use  of  artificial 
light,  of  extending  the  day  far  into  the  night. 

The  burning  fagot,  caught  hurriedly  from  the 
blazing  fire,  was  man's  first  portable  light.     Al- 
though extremely  rude,  as  compared  with  our  mod- 
em  means  of  artificial   illumination,   yet   for   its^f^J^^ 
time  it  was  a  great  achievement.    As  is  well  known,  JJJ^'c**** 
this  first  crude  artificial  light  was  followed  by  va-»"^ 
rious  improvements  in  oil  and  gas  lighting  up  to 
the  present  day,  when  electric  lighting  has  reached 
a  stage  in  which  it  can  properly  be  regarded  as  one 
of  the  arts. 

It  was  a  great  step  in  the  world's  progress  when, 
by  the  introduction  of  gas  lighting,  it  became  pos- 
sible to  properly  light  the  streets  of  large  cities  duu  giarc 
during  the  night.    In  these  later  days,  with  the  gen-  ing  fapot 
eral  introduction  of  electric  lighting,  gas  lights  foruantught 
streets  have  become  anachronisms,  and  have  been  ta'c  arc 
replaced  very  generally  by  various  forms  of  arc  or 
incandescent  lighting. 

The  first  electric  light  that  the  world  ever  saw 
was  produced  by  the  fitful  flashings  of  the  light- 
ning bolt.  Necessarily,  as  a  source  of  artificial  il- 
lumination, such  lighting  was  valueless,  although  firet'Jfec?'' 
doubtless,  at  times,  to  the  navigator  on  a  rocky ''**"  "***** 
coast,  the  momentary  flashes  gave  sufficient  evi- 
dence of  approaching  danger  to  render  them  far 
from  useless  as  a  means  of  illumination. 
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The  earliest  electric  light  produced  by  man  con- 
AmiMte  sisted  of  the  electric  spark  in  some  form  or  other. 
^tttMt    From  i^iat  we  know  of  the  early  history  of  fric- 


Stiw^  tional  electricity,  it  must  indeed  have  been  a  tiny 

SuSfSSe  spark  that  thus  fitrst  heralded  the  great  things  that 

^^'^^^    were  to  come  in  the  way  of  artificial  illumination. 

Just  who  was  the  first  who  produced  this  early  spark 

is  unknown.    There  is  no  evidence  that  Thales  ever 

got  beyond  the  simple  attraction  of  light  bodies 

by  his  little  piece  of  rubbed  amber.     Eustathius, 

Bishop  of  Thessalonica^  writing  about  1160  a.d., 

A  ivMhMMi  asserts  that  '^Walimer,  the  father  of  Theodoric,  who 


pukMopher  conqucrcd,  as  they  say,  the  whole  of  Italy,  used  to 
emit  sparks  from  his  own  body;  and  a  certain  an- 
cient philosopher  says  of  himself,  that  once,  when 
he  was  dressing  and  undressing  himself,  sudden 
q;>arks  were  emitted  occasionally,  crackling;  and 
sometimes,  he  says,  entire  flames  blazed  from  him, 
not  burning  his  garment.'* 

As  we  have  already  seen,  the  first  to  actually  pro- 
Gucfkke    ducc  what  may  be  called  an  electric  light  was  Otto 
SS^w«  Guericke,  a  contemporary  of  the  celebrated  Robert 
SriJ^Sr  Boyle.    Guericke  had  invented  a  form  of  frictional 
electric  machine,  in  which  a  globe  of  sulphur  was 
electrified  by  the  friction  of  die  hand  hdd  against 
it.    By  this  means  Guericke  obtained,  on  electrify- 
ing the  globe,  flashes  of  electric  light.    At  a  later 
date,  1705,  Hawkesbee,  in  some  curious  experiments 
on  the  motions  of  mercury  in  vacuous  ^)aces,  pro- 
beejs^y  duccd  flashcs  of  light  in  such  vessels,  that  gave  ef- 
jjw»«-     fects  which  he  likened  to  lightning  flashes.     We 
"«***««•     now  understand  his  experiment.     He  had  actually 
produced  at  this  early  date,  although  of  course  in 
an  extremely  imperfect  form,  one  of  the  modem 
types    of    electric    lighting,    now    known    as    the 
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vacuum  tube  light.  A  great  increase  in  the  bril- 
liancy of  the  light  produced  by  the  electric  dis-m^'Xury 
charges  came  with  the  discovery  of  the  Leyden  jar,  SmTi!^' 
and  the  construction  of  powerful  Ley  den- jar  bat-dS^m* 
teries.      Here   the   powerful   discharges   produced  jlrb2^« 
momentary  arcs  of  great  brightness,  and  the  light 
so  emitted  momentarily  illumined  surrounding  ob- 
jects.     Naturally   there   was   thus   suggested   the 
possibility  of  obtaining  artificial  illumination  by 
electric  means. 

Sir  William  Watson  appears  to  have  been  the 
first  who  actually  observed  the  electric  spark  pro- *«ina88  of 
duced  by  the  discharge  of  a  Leyden  jar.     Passing  boSed  fire" 
such  discharges  through  a  vacuous  space,  some  ten 
inches  in  length,  he  obtained  therein  "a  mass  of 
very  bright  embodied  fire."    Von  Marum,  in  1736, 
constructed  a  large  f rictional  electric  machine,  from  Marum's 
which  he  was  able  to  obtain  sparks  that  would  pass  varaum- 
freely  in  ordinary  air  through  distances  of  from  <*>«*»»«•««•• 
fifteen   to   eighteen   inches.      By   such    discharges 
through  a  vacuum  tube,  some  seven  feet  in  length, 
he  was  able  to  obtain  a  continuous  stream  of  splen- 
did purple  light. 

Shortly  after  the  discovery  of  the  Leyden  jar, 
experiments  were  made  in  Holland  and  elsewhere 
on  the  deflagration  or  volatilizaticm  of  different 
metallic  substances  by  the  discharge  of  Powerful  p^^^^^j 
Leyden- jar  batteries.     A  powerful  Leyden- jar  bat-L«y^^->' 
tery,  made  for  the  Tylerian  Society,  at  Haarlem,  h»*'*«°*- 
when  employed  with  the  Von  Marum  frictional- 
electric  machine  above  described,  gave  magnificent 
results,  which  are  thus  described  by  Preece,  in  his 
revised  edition  of  Noad's  "Electricity" : 

"By  thus  multiplying  the  number  of  jars,  we 
have  it  in  our  power  to  accumulate  electricity  to 
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an  extent  limited  <xily  by  the  charging  power  em- 
S^toIm  ployed.  A  prodigious  apparatus  was  constructed 
bS^'if  toward  the  end  of  the  last  century  by  Cuthbertson 
Ina^Sety  ioT  the  TyleTian  Society  at  Haarlem.  It  consisted 
of Haariem.  ^£  ^^^  hundred  jars,  each  of  five  and  one-half 

square  feet,  so  that  the  total  amount  of  coated  sur- 
face was  550  square  feet  This  battery,,  when 
diarged  with  a  very  powerful  machine,  produced 
the  most  astonishing  effects.  It  magnetized  large 
steel  bars,  rent  in  pieces  blocks  of  boxwood  four 
inches  square,  melted  into  red-hot  globules  iron 
wires  25  feet  long  and  rhs^  ^^  ^^  ^^^  ^^  diameter, 
and  dissipated,  in  a  cloud  of  blue  smoke,  tin  wires 
eight  inches  long  and  ^th  of  an  inch  in  diameter." 

During  these  discharges  momentary  metallic  arcs 
of  great  brilliancy  were  necessarily  produced.  The 
light  so  caused  in  all  probability  readied  a  greater 
intensity  or  brilliancy  than  any  that  had  heretofore 
been  obtained. 

But  so  long  as  the  source  of  electricity  was  lim- 
influence    itcd  to  any  of  the  electric  machines  then  known,  it 
taic  battery  was   impossiblc  to   producc  what  might  properly 
problem  of  bc  regarded  as  an  electric  light.     When,  however, 
ligrhting.     the  great  discovery  of  Volta,  in  1796,  gave  to  the 
world  a  new  electric  source  in  the  shape  of  the  vol- 
taic battery,  there  came  what  may  be  regarded  as 
the  true  beginning  of  the  history  of  electric  lighting. 

When  the  terminals  of  a  powerful  voltaic  battery 
Formation  ^^^  slowly  Separated,  a  brilliant  arc,  called  the  vol- 
ofthe^vS?  ^^^  ^^  ^^  established  between  them.     This  arc  con- 
taic  arc.      gigts  of  au  intensdy  heated  mass  of  glowing,  incan- 
descent vapor,  formed  by  the  volatilization  of  the 
materials  of  the  terminals  between  which  the  elec- 
tric current  passes.     The  glowing  mass  forms  a 
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semi  or  pflutial  ccmductor  of  electricity.  If  the  ter-* 
mnals  are  not  separated  too  far,  and  the  KM.F. 
produced  by  the  battery  does  not  vary,  the  voltaic 
arc  will  continue  between  the  separated  terminals 
for  a  long  time. 

Shortly  after  Volta's  discovery  large  voltaic  bat- 
teries were  constructed  by  numerous  investigators 
in  different  parts  of  the  world.  On  opening  the 
circuit  of  such  batteries  a  momentary  flash  must 
necessarily  have  occurred.  Sir  Humj^ry  Davy ,  ©ayy  and 
whose  brilliant  discoveries  in  the  domain  of  the^!^J^* 


arc. 


science  of  electro-chemistry  we  shall  shortly  de- 
scribe, employed  voltaic  batteries  for  a  variety  of 
purposes,  and,  indeed,  as  early  as  1800,  had  ob- 
tained a  small  carbon  arc  by  the  use  of  a  conq>ara- 
ti vdy  small  voltaic  battery.     Davy  has  been  generally 
credited  as  the  discoverer  of  the  carbon  voltaic  arc, 
and,  consequently,  as  the  discoverer  or  the  prac- 
tical beginner  of  the  art  of  electric  arc-lighting.    A 
careful  examination  of  the  literature  of  this  period,       , 
however,  does  not  appear  to  justify  this  claim,  al-^il^^n"* 
though  Davy  was,  probably,  among  the  first  to  em-  J'^^^re 
ploy  carbon  for  this  purpose.     Indeed,  Davy  him-^^^^^ 
sdf  does  not  appear  to  make  any  such  claim.    He  ^<*^^*^  *'<=• 
may,  however,  properly  be  given  the  credit  for  first 
exhibiting  to  the  general  public  the  splendors  of 
the  carbon  voltaic  arc,  and  the  wonderful  possibili- 
ties of  such  light  as  a  source  of  artificial  illumina- 
tion. 

Davy  formed  his  arc  between  terminals  or  elec- 
trodes consisting  of  pieces  of  hard  carbon,  such,  for 
example,  as  pieces  of  well  burned  charcoal.  Under 
these  circumstances,  the  length  of  the  arc  was  com- 
paratively great,  and  the  light  produced  far  more 
brilliant  than  if  electrodes  of  metallic  substances 
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had  been  used.     The  name  arc  was  applied  to  the 

mass  of  glowing  carbon  vapor  on  account  of  the 
Siu^'o?*  shape  that  it  assumed,  the  arc  being  drawn  by  Davy 
Lrc8hapc*'  between  two  carbons  placed  in  a  horizontal  position. 
%i  rioiISS?  Under  these  circumstances,  the  currents  of  heated 
5*li>oii      air  rise  between  the  carbon,  causing  the  arc  to  bend 

upward.     It  was  for  this  reason  called  the  carbon 

voltaic  arc. 

Davy's  public  demonstration  of  the  splendors  of 
the  carbon  voltaic  arc  was  made  in  1809,  at  a  pub- 
lic lecture,  delivered  at  the  Royal  Institution  of 
London.  A  description  of  this  demonstration  is 
thus  given  by  Singer,  in  a  book  entitled  "The  Ele- 
ments of  Electricity  and  Electro-Chemistry": 

"With  a  large  apparatus  employed  at  the  Royal 
Singer's     Institution,  which  extends  to  2,000  pairs  of  four- 

descnption  ,,,.  ^,  ,  ,-  .-. 

o^Davy's    inch  platcs,  pomts  of  charcoal  were  brought  withm 
hibitionof  a  thirtieth  or  fortieth  of  an  inch  of  each  other  be- 

tne  carbon 

▼oj^jc  arc  fore  any  light  was  evolved ;  but  when  the  points  of 
?nstklition  charcoal  had  become  intensely  ignited,  a  stream  of 
?[J^on  light  continued  to  play  between  them  when  they 
were  gradually  withdrawn  even  to  the  distance  of 
near  four  inches.  The  stream  of  light  was  in  the 
form  of  an  arch,  broad  in  the  middle  and  tapering 
toward  the  charcoal  points;  it  was  accompanied  by 
intense  heat,  and  immediately  ignited  any  substance 
introduced  into  it ;  fragments  of  diamond,  and  points 
of  plumbago  disappeared,  and  seemed  to  evaporate, 
even  when  the  experiment  was  made  in  an  exhausted 
receiver;  though  they  did  not  appear  to  have  been 
fused.  Thick  platina  wire  melted  rapidly,  and  fell 
in  large  globules ;  the  sapphire,  quartz,  magnesia,  and 
lime  were  distinctly  fused. 

"In  rarefied  air,  the  discharge  took  place  at  a 
greater  distance,  and  the  beam  of  light  was  made 
to  pass  through  an  interval  of  six  or  seven  inches." 
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The  carbon  voltaic  arc  is  tCMlay  so  common  a  thing 
that  it  fails  to  excite  admiration  any  more  than  does 
such  a  magnificent  object  as  the  sun  itself.  But  in 
the  early  days  when  Davy  thus  publicly  showed  the 
voltaic  arc,  the  greatest  astonishment  and  excite- 
ment were  produced  in  the  pubUc  mind  The  light 
was  compared,  as  far  as  its  intensity  was  concerned, 
with  the  light  of  the  full  day's  sun.  The  200 
series-connected  voltaic  battery  employed  by  Davy 
gave  an  E.M.F.  sufficient  to  maintain  the  arc  through  daxViog 
a  column  of  incandescent  carbon  vapor  about  three  l?^S!f°" 
inches  in  length.  The  Ught  emitted  was  of  dazzling  uic  arcT^ 
splendor.  The  intense  heating  power  of  the  arc  was 
especially  noted.  Substances  with  extremely  high 
melting-points,  when  introduced  into  the  intense 
heat  of  the  voltaic  arc,  were  readily  fusecl.  Under 
these  circumstances  platinum  melted  as  readily  as 
wax  in  the  flame  of  a  candle.  Small  pieces  of  char- 
coal, when  traversed  by  the  current,  were  heated  to 
intense  whiteness.  All  who  saw  the  light  believed 
that  the  problem  of  a  new  artificial  illuminant  had 
been  solved.  Nor  were  they  mistaken,  save  in  the 
belief  that  the  light  was  ready  for  commercial  use. 

Davy  himself  thus  describes  the  experiments 
tried  with  the  carbon  arc  at  this  public  exhibition, 
in  a  scientific  paper  entitled  "An  Account  of  Some 
Experiments  on  Galvanic  Electricity  made  in  the 
Theatre  of  the  Royal  Institution" : 

"The  apparatus  employed  in  these  experiments 
was  composed  of  150  series  of  plates  of  copper  andj^j'^j^f 
zinc  of  four  inches  square,  and  fifty  of  zinc  and  sil-  i^^Jfonln 
ver  of  the  same  size.     The  metals  were  carefully  S^ii^'*^'* 
cemented  "in  four  boxes  of  wood  in  regular  order,  ^rtSiJol" 
after  the  manner  adopted  by  Mr.  Cruickshank,  and 
the  fluid  made  use  of  was  water  combined  with 
about  Y  W  PS^  of  its  weight  of  nitric  acid. 


120  ELECTRICITY   IN    EVERY-DAY    LIFE 

"The  shock  taken  from  the  batteries  in  combina- 
tion by  the  moistened  hands,  was  not  so  powerful 
but  that  it  could  be  received  without  any  perma- 
nently disagreeable  effects.  Charges  were  readily 
communicated  by  means  of  them  to  coated  jars,  and 
to  a  battery;  but  in  this  case  the  effects  produced 
by  the  electricity  were  much  less  distinct  than  in 
the  case  of  immediate  application. 

"When  the  circuit  in  the  batteries  was  completed 
by  means  of  small  knobs  of  brass,  the  spark  per- 
ceived was  of  a  dazzling  brightness,  and  in  apparent 
diameter  at  least  one-eighth  of  an  inch.  It  was  per- 
ceived only  at  the  moment  of  the  contact  of  the 
metals,  and  it  was  accompanied  by  a  noise  or  snap. 

"When  instead  of  the  metals,  pieces  of  well-burned 
dorVfthS"  charcoal  were  employed,  the  spark  was  still  larger 
carbon  arc.  ^^^  q|  ^  vivid  whitcncss,  an  evident  combustion  was 

produced,  the  charcoal  remained  red  hot  for  some 
time  after  the  contact  and  threw  off  bright  corusca- 
tions. 

"Four  inches  of  steel  wire    ^  of  an  inch  in  di- 
ameter, on  being  placed  in  the  circuit  became  in- 
tensely white  hot  at  the  point  of  connection,  and 
burned  with  great  vividness,  being  at  the  same  time 
red  throughout  the  whole  of  its  extent. 
Great  de-        "Tin,  lead,  and  zinc,  in  thin  shavings  were  fused 
S?IStfng  and  burned  at  their  points  of  contact  in  the  circuit, 
SSTvoitaic  with  a  vivid  light  and  with  a  loud  hissing  noise. 
Zinc  gave  a  blue  flame,  tin  a  purplish,  and  lead  a 
yellow  flame  violet  at  the  circumference. 

"When  copper  leaf  was  employed  it  instantly  in- 
flamed at  the  edges  with  a  green  light  and  vivid 
sparks,  and  became  red  hot  throughout  the  whole 
of  its  diameter  when  it  did  not  exceed  four  inches. 
"Silver  leaf  gave  a  vivid  light,  white  in  the  centre 
and  green  toward  the  outline,  with  red  sparks  or 
coruscations,     Platina  in  thin  slips,  when  made  to 


arc. 
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oompiete  the  circuit,  became  white  hot,  and  entered 
into  fusion,  and  gave  scintillations  at  the  edges ;  but 
whether  any  part  was  converted  into  oxide  could 
not  be  accurately  determined. 

"When  gold  leaf,  attached  by  gum-water  to  white 
paper  was  burned  by  the  spark,  the  light  was  of  a  pe^uar 
bright  yellow  and  the  noise  comparatively  loud ;  the  meuuic 
gold  was  converted  into  an  oxide  of  purplish  brown  ^°  **  **'** 
color,  which  firmly  adhered  to  the  paper,  and  by 
r^^lating  the  course  of  the  spark  by  means  of  the 
communicating  wire,  letters  and  figures  were  traced 
by  the  combustion,  which  appeared  semi-transparent 
when  exposed  to  the  light. 

"When  the  galvano-dectric  spark  was  taken  by 
means  of  two  pieces  of  charcoal  partially  covered 
with  cotton,  the  cotton  was  readily  inflamed ;  whethe'r 
in  its  simple  state,  or  sprinkled  over  with  resin  or 
sulphur. 

"Fulminating  mercury  and  gunpowder  were  de- 
flagrated by  means  of  the  communication  of  char- 
coal; and  hydrc^en  and  the  compound  of  inflam- 
mable gases  were  readily  made  to  bum  when  simply 
in  contact  with  the  atmosphere  and  to  detonate 
when  mixed  with  oxygen. 

"A  few  only  of  these  results  have  any  claim  to 
originality.  On  the  phenomena  of  the  combustion 
of  bodies  by  galvanism  we  have  been  already  fur- 
nished with  many  striking  experiments,  by  our  own 
countrymen,  and  by  the  German  and  French  philos* 
Offers.  And  after  the  path  is  once  discovered  in 
researches  of  this  kind,  to  pursue  it  requires  but  lit- 
tle ability  or  exertion.  An  account  of  common 
facts,  under  new  circumstances,  particularly  when 
they  are  accompanied  by  striking  phenomena,  can 
however  never  be  wholly  useless;  and  it  sometimes 
gives  a  novel  interest  to  the  subject,  and  tends  to 
awaken  curiosity.* 
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It  will  be  observed  here  that  Davy  himself  does 
not  claim  the  discoveiy  of  the  carbon  arc.  Indeed, 
the  remarks  made  toward  the  close  of  the  above 
quotation  would  appear  to  be  a  denial  of  any  such 
daim. 

The  highly  heated  incandescent  substances  that 
Biiinctioa  co"Stitute  the  voltaic  arc  form,  in  reality,  a  movable 
•nTbv^  conductor,  through  which  a  powerful  electric  cur- 
•lElS^^  rent  is   passing.     Consequently,   like  all   such  con- 
ductors, voltaic  arcs  are  readily  attracted  and  re- 


FiG.  6S. — Deflection  of  Voliaic  Carbon  Arc  by  Flux 
Aet.  Note  the  blow'pipc  appearance  of  arc  Note  Cb 
arc  C  increases  in  length  and  is  deflected  at  right  angles 


pelled  by  the  neighborhood  of  other  active  conduc- 
tors, or  by  magnets  brought  near  them.  The  ability 
of  a  magnet  to  thus  deflect  or  turn  a  voltaic  arc 
out  of  its  original  position,  was  first  observed  by 
Davy.  In  order  to  show  this  phenomenon,  let  the 
carbon  arc,  established  between  two  carbons,  be 
brought  between  the  poles  A  and  B,  Fig.  68,  of  a 
powerful  electro-magnet.  Then,  instead  of  burn- 
ing quietly  between  the  carbons,  the  arc  will  be  vio- 
lently repelled,  and  will  assume  a  horizontal  posi- 
tion closely  resembling  the  flame  of  a  blow-pipe. 
At  the  same  time,  the  arc  increases  in  length,  scrnie- 
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times  to  an  extent  ten  times  as  great  as  its  original 
length.  A  hissing  noise  is  heard,  and,  if  the 
strength  of  the  magnetic  flux  is  sufiiciently  great, 
the  arc  will  be  extinguished  with  a  loud  report 
In  a  similar  manner,  a  strong  current  of  air  directed 
against  the  arc  will  blow  the  arc  out. 

Since  the  heat  of  a  voltaic  arc  is  so  great,  when 
arcs  are  accidentally  established  in  any  part  of  a  cir- 
cuit, considerable  damage  will  result  unless  they  areTh^Lon's 
promptly  extinguished.  The  ability  of  a  magnet  fiowSSt. 
to  thus  extinguish  or  blow  out  a  voltaic  arc  has 
been  ingeniously  applied  by  Elihu  Thomson  and 
others  in  a  piece  of  apparatus  called  an  automatic 
or  magnetic  blow-out. 

It  is  the  mass  of  highly  heated  volatilized  carbon 
or  metallic  vapor  that  conducts  the  electricity,  thus 
permitting  the  current  to  pass  through  what  would 
otherwise  be  a  path  of  extremely  high  resistance. 
Consequently,  in  order  to  form  an  arc,  the  carbons 
are  first  brought  into  contact,  and  then  slowly  sepa- 
rated. Anything  that  will  establish  the  arc,  even 
if  but  for  a  moment,  permits  the  current  to  pass  so 
as  to  fill  the  intervening  space  with  glowing  vapor, 
thus  permanently  establishing  the  circuit  For  ex- 
ample, if  the  carbons  are  not  separated  too  far,  the 
arc  may  be  established  between  them  by  the  discharge  g^^^.^ 
of  a  Leydenjan  All  such  disruptive  discharges,  cj^wmI-^^^ 
as  we  have  already  seen,  are  attended  by  the  forma-  ^^  J>^ 
tion  of  a  mass  of  incandescent  metallic  vapor,  and  discharge, 
this,  though  it  exists  but  for  a  few  moments,  is 
sufficient  to  permit  the  current  from  the  battery,  or 
other  source,  to  pass  between  the  carbons,  and  thus 
permanently  establish,  or,  as  it  is  frequently  called, 
"strike  the  arc"  between  them.  Of  course,  when 
the  E.M.F.  employed  is  sufficiently  high,  the  arc  may 
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be  established  without  first  bringing  the  terminals 
together,  since,  under  such  circumstanoeSy  disrup- 
tive discharges  would  take  place  that  would  be 
able  to  pass  through  the  intervening  air  space. 

Since  the  carbon  voltaic  arc  is  caused  by  the  heat- 
ing of  the  carbon  vapor  by  the  electric  current,  and 
is  not  at  all  dependent  on  the  oxygen  of  the  air,  it 
is  possible  to  form  a  carbon  arc  under  the  surface  of 
uVSSS?  water  or  other  liquids^  as  well  as  in  empty  or  vacu- 
ous spaces.  Davy  formed  minute  voltaic  arcs  under 
the  surface  of  various  liquids,  such  as  different  oils, 
ether,  alcohol,  and  nitric  and  sulphuric  acids.  A 
carbon  arc,  if  not  too  long,  will  burn  for  some  time 
below  the  surface  of  water.  Arcs  are  also  readily 
formed  in  a  vacuous  space.  Here,  when  the  vacuum 
is  good,  a  smaller  E.M.F.  is  required  to  establish 
the  arc  across  the  intervening  space  than  would  be 
if  such  space  were  filled  with  air  or  gas  at  CM-dinary 
atmospheric  pressures. 


inTacaoiis 
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CHAPTER   VIII 

PHYSICS  OF  THE  CARBON  VOLTAIC  ARC 

"Double,  double,  toil  and  trouble; 
Fire,  bum,  and  cauldron,  bubble." 

-"Macbeth,  Act  IV,  Scene  I 

HE  voltaic  arc  produced  by  the  passage  of  a 
continuous  electric  current  between  carbon 
points  or  electrodes,  possesses  a  number  of 
exceedingly  interesting  physical  properties  that  it 
will  be  necessary  carefully  to  examine.  Let  us  sup- 
pose that  two  carbon  electrodes  are  placed  one  di- 
rectly above  the  other,  as  is  represented  in  Fig.  69 ; 
and  that  the  current  flows  out  of  the  upper  carbon 
into  the  lower  carbon;  or,  in  other  words,  that  the 
upper  carbon  is  positive  and  the  lower  carbon  nega- 
tive ;  then  a  brilliant  mass  of  bluish  flame  is  formed 
between  the  carbons.  This  mass,  though  some- 
times extending  directly  between  the  carbons,  more  0/ SeSlJ! 

_  «  <^  f  t     •         *        M  bon  voltaic 

frequently  possesses  the  form  of  an  arc,  being  bent  arc. 
toward  one  side  or  the  other,  due  either  to  the  mag- 
netic flux  of  the  earth  or  to  the  presence  of  the 
column  of  heated  air  when  the  carbons  are  hori- 
zontal.    It  does  not  maintain  a  constant  position 
between  the  two  carbons,  but  rapidly  changes,  now 
burning  at  one  portion  of  the  edge,  now  rapidly 
changing  to  the  other  side,  and  again,  travelling 
regularly,  but  slowly,  around  the  edge  of  the  car- 
bons.   This  shifting  of  the  arc  is  objectionable  from  unsteadi. 
the  fact  that  it  causes  a  flickering  or  unsteadiness  Sought!** 
of  the  light.    It  is  more  marked  when  the  carbons 
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are  far  apart,  and  when  the  current  strength  under- 
goes marked  variations  from  time  to  time 

After  Uie  circuit  has  been  maintained  for  some 
S™K^  time,  the  extremities  or  ends  of  the  carbons  will  be 
2iJ^5^  observed  to  diflEer  greatly  in  sh^)e.  The  upper  or 
ax^^vK  positive,  out  from  which  the  current  flows,  becomes 
*""*•  cup-shaped  at  its  lower  extremity,  and  is  hollowed 
out  at  this  point  in  a  small  crater  or  cavity.     The 


lower  carbon,  or  that  into  which  the  current  passes, 
wiU,  on  the  contrary,  be  seen  to  have  a  small  hillock, 
projection  or  nipple  formed  at  that  portion  of  its 
end  which  lies  directly  opposite  the  crater  in  the 
positive  carbon. 

The  light  emitted  by  the  carbon  arc  is  too  bri^t 
to  be  safely  examined  directly  by  the  eye;  but,  if  it 
be  looked  at  through  a  pair  of  dark  glasses,  it  will 
be  observed  that,  thou^  all  parts  of  the  ends  of 
the  carbon  are  much  brighter  than  the  mass  of  glow- 
ing vapor  or  the  arc  proper  that  is  formed  between 
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them,  yet  the  positive  carbon,  generally,  is  much 
brighter  than  the  negative  carbon;  and  that,  more-^i^vi" 
over,  all  parts  of  the  positive  carbon  are  not  equally  SlS^f 
bright,  the  brightest  part  of  this  carbon  being  in  its  SSSSni. 
crater  or  cavity.     Since,  as  is  well  known,  the  ability  SSn  ^?*'" 
of  a  heated  body  to  emit  or  give  off  light  increases 
rapidly  with  its  temperature,  this  simple  observa- 
tion establishes  the  fact  that  the  positive  carbon  is 
much  hotter  than  the  negative  carbon,  and  that  the 
point  of  highest  temperature  in  the  positive  carbon 
is  situated  within  the  arc  or  crater  at  its  lower  end. 

When  a  carbon  voltaic  arc  is  formed  in  air,  the 
highly  heated  carbons  will  be  burned  just  as  would 
coal  in  a  stove.  An  examination  of  the  mass  of  lutS^ct 
glowing  vapor  will  show  that  its  inner  part  is  of  a?2[JS?l^' 
violet  hue,  and  that  outside  of  this  portion  is  a  faintly  p"*^*'- 
luminous  flame,  due  to  the  presence  of  carbon  mon- 
oxide, the  gas  which  may  be  seen  on  the  surface  of 
a  hard-coal  fire  where  the  amount  of  air  is  insuf- 
ficient to  completely  consume  the  carbon.  Outside 
of  this  envelope,  that  is,  on  the  portion  of  the  arc 
proper  where  the  carbon  monoxide  comes  in  con- 
tact with  the  oxygen  of  the  air,  a  brighter  flame  of 
carbon  dioxide  can  be  seen.  The  consumption  of  the 
negative  carbon  is  due  entirely  to  this  burning  in 
the  air,  either  in  the  form  of  carbon  monoxide  or  of 
carbon  dioxide. 

The  mass  of  glowing  carbon  vapor  consists  en- 
tirely of  volatilized  carbon,  except  at  the  surface 
layers,  where  the  two  varieties  of  oxide  of  carbon  M*in  body 
before  referred  to  exist.    No  combination  or  burning  arc  formed 

.of  mass  of 

occurs  within  the  central  portions,  since  no  air  caneriowingr 

'•  ,       ,  carbon 

penetrate  within  this  space.     Even  if  it  could  do  vapor, 
this,  the  temperature  of  the  arc  is  so  high  that  car- 
bon monoxide  would  be  unable  to  exist,  since  it 
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would  be  disassociated  or  decomposed  by  the  high 
temperature.  An  examination  of  the  ends  of  the 
carbon  will  show  melted  globules  irregularly  dis- 
tributed over  those  parts  of  the  surface  that  have 
become  highly  heated.  These  globules  are  due  to 
various  mineral  impurities  in  liie  carbons. 

As  the  position  of  the  arc  changes  from  time 
to  time,  the  position  of  the  crater  or  cavity  at  the 
SScTigfb  end  of  the  positive  carbon  also  changes,  and  since 
chluH^  in  this  is  the  brightest  spot  on  the  carbon,  the  flickering 
5^?e  °'  before  referred  to  necessarily  results.     The  amount 
****^'       of  this  flickering  increases  with  the  impurities  pres- 
ent in  the  carbon,  so  that  the  purer  the  carbons  em- 
ployed, the  less  will  be  the  shifting  of  the  arc, 
and,  consequently,  the  steadier  will  be  the  light 
Since  this  shifting  is  also  due,  to  a  great  extent,  to 
an  extended  area  of  cross-section,  thinner  carbons 
will  burn  more  steadily  than  thick  heavy  carbons, 
they  will,  however,  consume  more  rapidly  and  thus 
require  more  frequent  renewals.    The  use  of  cored 
Value  of    carbons,  that  ts,  carbons  the  central  portions  of  which 
bSSfo?'"  are  filled  with  a  softer  variety  of  carbon,  will  greatly 
of^iS^   decrease  the  shifting,  since  the  carbon  vapor  is 
^^^         formed  in  greater  quantities  over  the  carbon  at  the 
core,  and  thus  tends,  to  a  great  extent,  to  maintain 
the  arc  in  a  central  position  directly  between  the 
carbons. 

During  the  maintenance  of  a  carbon  voltaic  arc,  a 
Formation  distinct  odor  is  noticeable,  especially  when  the  air  is 
^SSS^m.  moist.  This  is  due  to  the  formation  of  fairly  large 
quantities  of  ozone,  a  modification  of  the  oxygen  of 
the  air,  due  to  the  passage  of  the  electric  discharge 
through  it.  The  odor  is  also  at  times  probably  due 
to  the  formation  of  small  quantities  of  hydro-cyanic 
acid.     There  is  also,  generally,  a  small  quantity  of 
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nitric  acid  or  nitric  oxide  present.     If,  however,  the 
E.M.F.   between  the  terminals  of  the  arc  is  notjjjjj^ 
greater  than  fifty-five  volts,  the  quantities  of  theSJlroSs** 
noxious  substances  that  are  formed  are  not  sufficient  S^etimes 
to  injure  the  health.     The  formation  of  ozone  is  ad-  '°""«^- 
vantageous  to  health,  since  it  acts  as  a  powerful 
germicide. 

It  is  a  well-known  fact  in  physics  that,  when  a 
liquid  whose  temperature  has  been  raised  to  its 
boiling  point  is  being  evaporated,  it  is  impossible  a  bouiog 
to  raise  its  temperature  beyond  that  at  which  the'J^^M 
vapor  is  liberated  throughout  all  parts  of  its  mass.Ifio^'ildto 
In  other  words,  it  is  impossible  to  raise  the  tempera-  ST^^  '^'^ 
ture  of  a  boiling  liquid  beyond  the  temperature  of  SS^^to 
its  boiling  point,  provided  the  vapor  is  allowed  to  tempera- 
escape  freely  into  the  surrounding  air.     It  is  onlytiutorlu 
when  the  vapor  is  confined,  or  is  unable  to  escape,  polot!^ 
that  the  temperature  rises,  because,  tmder  these  con- 
ditions,  the  pressure  on  the  liquid  is  increased,  and 
the  temperature  of  its  boiling  point  is  correspond- 
ingly increased.     Any  increase  in  the  amount  of 
heat  applied  to  the  boiling  liquid  has  no  effect  on  its 
temperature.     It  only  causes  a  greater  amount  of  the 
liquor  to  be  vaporized,  that  is,  it  only  makes  the 
liquid  boil  more  rapidly. 

Now,  in  the  formation  of  the  voltaic  arc,  there 

is  a  true  volatilization  of  the  carbons,  resulting  in 

the  production  of  a  temperature  that  has  been  esti-^^^^^^^ 

mated  as  being  equal  to  about  6332°  F.     This  may,  [^^^^5?^°^ 

therefore,  be  regarded  as  the  temperature  of  thepojg^of 

boiling  point  of  carbon.     Since  the  point  of  highest 

temperature  is  in  the  positive  crater,  it  is  here  that 

the  carbon  actually  boils,   or   passes   into   vapor. 

It  forms,  indeed,  a  veritable  caldron.      The  peculiar 

hissinsr  noise  so  characteristic  of  the  carbon  arc, 
^  v©L  11.-7 


130  ELE0TRI0IT7  IN   EVERT-DAT  LIFE 

under  certain  conditions,  is  believed  by  some  to  be 
due  to  the  actual  boiling  of  the  carbon  in  the  crater. 

The  intensity  of  the  light  emitted  from  the  car- 
wantedi  bon  voltaic  arc,  or,  indeed,  from  any  body  heated  to 
ci^SdlS*  incandescence,  increases  rapidly  with  the  tempera- 
rdt^Sorj  ture.  In  the  case  of  the  carbon  arc,  this  limit  is 
t&  ourten  reached  by  the  fact  that  the  temperature  can  not  be 
raised  beyond  the  6332®  F.,  which  is  the  tempera- 
ture of  the  boiling  point  of  carbon.  Could  some 
substance  be  employed  instead  of  carbon,  as  the 
electrodes  of  arc  lamps,  the  temperature  of  whose 
boiling  point  is  higher  than  that  of  carbon,  a  greater 
efficiency  would  naturally  result  in  the  light  of  the 
voltaic  arc.  It  does  not  seem  probable,  however, 
that  this  substance  will  ever  be  found,  since  of  all 
the  substances  with  which  we  are  acquainted,  car- 
bon is  the  most  refractory,  that  is,  has  its  boiling 
point  at  the  highest  temperature.  For  instance, 
iridium,  a  rare  metallic  substance,  which  is,  prob- 
ably, the  next  most  refractory  substance  to  carbon, 
boils  at  a  temperature  about  one-half  that  of  carbon, 
while  the  boiling  points  of  platinum,  iron  and 
palladium  are  even  less  than  that  of  iridium.  It 
would  not  appear,  therefore,  that  much  improvement 
can  be  looked  for  in  this  direction,  unless  it  would  be 
in  some  means  for  preventing  the  escape  of  the  car- 
bon vapor,  and  thus  raising  the  temperature  of  the 
boiling  point  by  the  increase  of  pressure.  Or,  what 
would  amount  to  the  same  thing,  burning  the  carbons 
under  suitable  conditions  in  atmospheres  of  inert 
gas,  under  extremely  high  pressures. 

It  is  the  amount  of  current  that  passes  between 
^^b?n^  the  carbons  which  determines  the  amount  of  carbon 
?ng  ofSuat  that  is  vaporized  in  order  to  form  the  arc.  In  other 
strength,    vvords,  the  volume  of  the  arc  will  increase  with  the 
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volume  of  the  current  passing  between  the  carbons, 
since,  of  course,  any  increase  in  the  amount  of  cur- 
rent passing  will  necessarily  result  in  the  formation 
of  a  greater  quantity  of  carbon  vapor.  No  in- 
crease of  current,  however,  can  increase  the  tem- 
perature, since  this  is  fixed  by  the  temperature  of 
the  boiling  point  of  carboa  If  the  arc  has  an  op- 
portunity to  spread  laterally,  however,  the  increase 
of  current  is  attended  by  an  increase  in  the  area  of 
cross-section  of  the  mass  of  glowing  vapor  that  con- 
stitutes the  arc  proper.  Qmsequently,  an  increase 
of  current  strength  will  cause  a  decrease  in  the  re- 
sistance of  the  arc.  This  is  unlike  the  case  of 
any  other  conductor  conveying  an  electric  current, 
and  arises  from  the  fact  that  the  current  may  deter- 
mine the  area  of  cross-section  of  the  conductor,  and, 
therefore,  its  resistance.  For  this  reason.  Ohm's 
law  is  inapplicable  to  the  case  of  a  circuit  in  which 
a  carbon  arc  is  included. 

The  ordinary  carbon  arc  requires,  for  its  proper 
maintenance,  a  current  of  about  ten  amperes,  and  a  ^ST^ 
pressure  of  about  forty-five  volts  between  the  car-3J?S:^" 
bons.     In  other  words,  it  requires  about  450  watts  {^^^ 
to  maintain  it,  or  in  the  neighborhood  of  a  half  aJ^JJSnf. 
kilowatt.     Since  this  energy  is  employed  in  raising*"^ 
the  temperature  of  the  small  amount  of  carbon  vapor 
that  constitutes  the  arc,  and  as  this  is  a  material 
which  posseses  a  fairly  high  electric  resistance,  it 
follows  that  the  liberation  of  this  energy  in  this 
small  space  results  in  a  high  temperature;  viz.,  that 
of  the  boiling  point  of  carbon  already  referred  to. 
This  temperature  is  the  highest  artificial  tempera- 
ture that  man  has  yet  been  able  to  reach,  and,  as  we 
shall  see  in  discussing  the  subject  of  electric  fur- 
naces, is  employed  for  various  processes  in  the  arts 
that  require  high  temperatures. 
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The  surface  of  the  negative  electrode  is  much 
cooler  than  that  of  the  positive  electrode.  Indeed, 
it  is  sufficiently  cool  to  permit  the  highly  heated 
glowing  carbon  vapor  to  be  condensed  in  a  solid  form 
on  its  surface.  This  deposition  occurs  at  that  part 
of  the  negative  electrode  which  faces  the  positive 
Sgnwhite  cniter,  and  the  deposited  carbon,  when  its  deposition 
of  ^^we  IS  sufficiently  rapid,  takes  the  shape  of  the  hillock 
electrode.  ^^  nipple  before  referred  to,  as  forming  on  that  part 
of  the  end  of  the  negative  carbon  which  lies  directly 
opposite  the  crater.  The  carbon  so  deposited  has 
undergone  a  change  in  its  physical  properties,  where- 
by it  is  converted  into  that  peculiar  modification  of 
carbon  known  in  the  arts  as  graphite  or  plumbago. 
This  material  is  employed  in  the  manufacture  of 
lead  pencils,  and  consists  of  a  peculiar  modification 
of  pure  carbon,  so  soft  that  it  will  readily  make 
marks  on  paper. 

Before  their  use  in  the  arc  lamps,  the  carbon  pen- 
cils or  electrodes  are  incapable  of  making  any  mark 
Bakinff  ou  paper,  but  after  they  have  been  employed  for  a 
SSteMe^  short  time,  it  will  be  found  that  the  negative  car- 
itSi  otSS^  bon,  which  can  be  easily  recognized  by  a  little 
^°ilS£i-    hillock  of  carbon  on  its  end,  is  capable  of  being 

tive  carbon  ..^  t  a     e  ^*  i       j  *i 

readily  employed  for  some  time  as  a  lead  pencil. 
This  change  of  carbon  into  graphite  is  especially 
well  marked  on  that  part  of  the  negative  carbon 
fwhich  has  been  exposed  to  the  baking  action  due  to 
the  intense  heat  of  the  positive  crater.  Here  the  car- 
bon, condensed  from  the  carbon  vapor,  is  changed 
by  the  intense  heat  into  graphite.  G>nsequently, 
the  nipple,  which  lies  immediately  under  the  crater, 
shows  this  change  in  the  most  marked  manner.  The 
positive  carbon  in  the  immediate  neighborhood  of 
the  crater  will  be  found  to  possess  some  graphite,  al- 
though less  than  that  found  on  the  negative  carbon. 
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During  the  maintenance  of  the  carbon  arc,  both 
carbons  gradually  waste  away,  or  are  consumed. 
When  employed  as  in  the  ordinary  arc  lamp,  with 
the  positive  carbon  directly  over  the  negative  car-SoSdT^ 
bon,  the  positive  carbon  consumes  about  twice  aSo£rb^*in 
rapidly  as  the  negative.     This  arises  from  the  fact^S^^' 
that  it  is  the  positive  carbon  which  is  the  sole  source  tlnce  ^^ 
of  the  carbon  vapor,  and  that  this  carbon,  like  the fS!? ofuw 
negative,  is  also  wasted  by  gradual  oxidation  by  the  SSSmu* 
air.    Again,  being  placed  above  the  negative  carbon, 
it  is  subject  to  mechanical  wearing  by  the  action 
of  air  currents.     Where  the  carbons  are  exposed  to 
the  air,  the  consumption  of  the  negative  carbon,  as 
we  have  seen,  is  entirely  due  to  its  gradual  oxida- 
tion.-   When  the  carbons  are  placed  in  the  ordinary 
arc  lamp,  and  the  same  area  of  cross-section  is  em- 
ployed for  the  positive  and  die  negative  carbons,  it 
is  customary  to  employ  a  length  of  negative  carbon 
equal  to  but  about  one-half  that  of  the  positive. 

As  long  as  the  carbons  are  maintained  at  the 
proper  distance  apart,  and  are  supplied  with  a  cur- 
rent of  constant  strength,  the  arc  will  burn  quietly.  wuDd  oro. 
If,  however,  these  conditions  are  not  maintained,  cl^ikalre. 
various  noises  will  be  heard.  Where  the  distance 
between  the  carbons  is  too  small,  or  where  the  car- 
bons are  so  soft  that  comparatively  large  quanti- 
ties of  vapor  are  liberated,  hissing  sounds  will  be 
heard.  In  such  cases  the  resistance  of  the  arc  falls, 
and  the  amount  of  light  given  off  decreases.    A  dis-  ^ 

agreeable  spluttering  noise  is  often  heard,  which  j»]j^n« 
arises  from  impurities  in  the  carbon  permitting  the 
sudden  liberation  either  of  large  quantities  of  carbon 
vapor,  or  of  the  vapors  of  readily  volatilized  im- 
purities. Such  noises  are  also  sometimes  due  to  the 
sudden  liberation  of  gases  from  carbons  that  have 
been  insufficiently  baked. 
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The  value  of  the  carbon  voltaic  arc  as  a  source  of 
light  is  decreased  by  the  formation  of  what  is  called 
a  flaming  arc.     This  occurs  whenever  the  arc,  for 
tSStmd    ^^y  reason,  becomes  too  long.     A  flaming  arc  is 
SlSi?'***  characterized  by  a  flame  from  the  arc  proper  extend- 
carbon  are.  jj^g  upward  f or  some  distance  along  the  sides  of  the 
positive  carbon.     In  such  cases  the  resistance  of  the 
arc  decreases,  and  the  light  emitted  is  thereby  less- 
ened.    The  flaming  arc  is  either  due  to  the  lamp 
mechanism  maintaining  too  long  an  arc  between  the 
carbons,  or  to  impurities  in  the  carbon,  permitting 
the  formation  of  too  great  quantities  of  vaporized 
matter.     It  may  also  be  due  to  soft  or  imperfectly 
baked  carbons. 

During  the  maintenance  of  the  carbon  voltaic  arc, 
an  E.M.F.  is  set  up  between  the  carbons,  in  the 

Counter     oppositc  direction  to  that  required  to  form  the  arc. 

»rtJm  w.  Since  this  E.M.F.  opposes  the  passage  of  the  cur- 
rent, it  is  called  a  counter  E.M.F.  The  resistance 
of  the  ordinary  carbon  voltaic  arc  is,  generally 
speaking,  about  five  ohms  to  the  inch.  An  arc, 
therefore,  of  say  one-eighth  of  an  inch  in  length,  a 
common  length  in  this  country,  would  have  a  re- 
sistance of  about  five-eighths  of  an  ohm.  The  cur- 
rent strength  is  approximately  ten  amperes,  and 
the  value  of  the  counter  E.M.F.  is,  approximately, 
from  thirty-five  to  thirty-nine  and  one-half  volts. 
This  value,  added  to  the  six  and  one-quarter  volts 
representing  the  drop  of  voltage  caused  by  ten  am- 
peres passing  against  an  ohmic  resistance  of  five- 
eighths  of  an  ohm,  represents  the  value  of  the  voltage 
that  must  be  maintained  between  the  carbons  in 
order  to  sustain  the  arc. 

The  cause  of  the  counter  E.M.F.  thus  produced 
is  not  certainly  known.     It  is  possibly  due  to  sev- 
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eral  diflfercnt  causes,  or,  most  probably,  there  are 
several  distinct  and  separate  counter  E.M.F/s  pro-proi^bie 
duced.     One  of  these  is,  probably,  due  to  the  vola-3^c 
tilization  of  carbon  in  the  positive  crater;  another, ^Sf*** 
possibly,  to  a  thermo-electric  effect  produced  at  theJS&are. 
positive  carbon ;  and  possibly  still  another  to  a  similar 
thermo-electric  effect  produced  at  the  n^;ative  car- 
bon.    The  value  of  the  counter  E.M.F.  set  up  in  a 
carbon  voltaic  arc  will  vary  with  the  character  of  the 
carbons  employed.     Anything  that  tends  to  raise 
the  boiling  point  of  the  carbon  tends  to  increase  the 
total  E.M.F.  required  to  sustain  the  arc;  while  any- 
thing which  tends  to  decrease  the  temperature  of 
the  boiling  point,  tends  to  decrease  the  value  of  such 
KM.F. 

Houston  and  Kennelly,  in  their  work  entitled 
"Electric  Arc  Lighting,"  thus  refer  to  this  subject : 

"A  very  short  arc  has  comparatively  little  room 
to  spread,  owing  to  the  edges  of  the  crater,  and, 
consequently,  such  an  arc  can  not  greatly  decrease 
its  resistance  by  lateral  spreading.  On  the  con- 
trary, a  long  arc  has  abundant  room  for  lateral 
spreading,  and  its  resistance  is  capable  of  being 
markedly  diminished  by  an  increase  in  current 
strength.  In  view  of  the  preceding  principles  we 
arrive  at  the  two  following  laws: 

"i.    If  the  current  strength  passing  through  a  Houston 
carbon  arc  be  maintained  constant,  the  pressure  atneiiyo^the 
the  terminals  of  the  arc  is  always  increased  by  in-  Ind  the^^ 
creasing  tfie  distance  between  the  carbonsj  or,  in  of  tie* 
other  words,  the  apparent  resistance  of  the  arc  will  voitak  arc. 
always  be  increased  by  an  increase  in  its  length, 
although  said  increase  may  not  be  exactly  propor- 
tional to  the  length,  owing  to  the  tendency  to  lateral 
spreading. 

"2.    If  the  distance  between  the  carbons  be  main- 
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tained  constant,  and  the  current  through  the  arc  be 
increased^  then  the  apparent  resistance  of  the  arc 
may  either  increase  or  diminish.  It  will  usually 
increase  when  the  arc  is  very  short,  that  is  to  say, 
when  there  is  very  little  room  for  lateral  ^reading. 
Between  these  two  conditions  there  will  be  a  certain 
length  of  arc,  at  which  the  lateral  ^reading  will 
diminish  the  resistance  as  fast  as  the  current  in- 
creases; or,  in  other  words,  when  the  pressure  at 
the  terminals  of  the  lamp  will  be  constant  for  a 
wide  range  of  current  at  all  current  strengths. 

'Trom  the  preceding,  it  will  appear  that  the 
CE.M.F.  of  ^e  arc  constitutes  a  much  greater 
part  of  the  total  E.M.F.  maintained  at  its  terminals 
than  that  required  to  overcome  the  mere  ohtnic  re- 
sistance,  that  is,  resistance  due  to  the  character  of 
the  carbon  vapor  forming  the  arc,  its  length  and 
areas  of  cross-section." 

When  the  length  of  the  carbon  arc  is  decreased 
too  much,  say  to  the  length  of  from  one-fiftieth  to 
the  one-twenty-fifth  of  an  inch,  smaller  voltages 
io^:ere^but  greater  current  strengths  are  employed.  For 
^pioyeL  example,  while  but  twenty-five  volts  is  employed  be- 
tween the  carbons,  a  current  of  from  eighteen  to 
twenty  amperes  is  required  in  such  arcs.  Short 
arcs  of  this  character  were  employed  in  the  early 
days  of  electric  lighting,  in  order  to  increase  the 
number  of  series-connected  arcs  that  could  be  main- 
tained by  a  d3mamo  on  a  given  voltage.  The  in- 
creased current  strength,  however,  which,  as  will  be 
observed,  is  nearly  double  that  required  in  the  or- 
dinary arc,  caused  too  rapid  a  constmiption  of  the 
carbcMi  electrodes;  while  the  short  arcs  produce  the 
disagreeable  hissing  noises  before  referred  to.  These 
difficulties  have,  consequently,  led  to  the  general 
abandonment  of  short  arcs. 


WhydKMt 
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When  an  alternating  current  is  passed  between 
carbon  electrodes,  so  as  to  form  an  arc  between  them, 
a  bright  arc  is  obtained,  which  is  extensively  em* 
ployed  to-day  for  arc  lighting.     Alternating-current  ^^^S^iot 
arcs,  however,  differ  from  constant-current  arcs  in**'*^"*^ 
that,  while  in  the  case  of  the  constant  current  the 
arc  forms  a  continuous  flame,  in  the  alternating- 
current  arc  it  is  necessarily  lighted  and  extinguished 
at  every  reversal  of  the  current    Both  carbons  have 
a  small  crater  at  their  ends.     Consequently,  there 
are  alternations  of  light  and  darkness.     But  if  these 
follow  one  another  with  sufficient  rapidity,  the  light 
will  appear  to  be  steady  and  constant.    In  order  to 
thus  become  constant,  these  alternate  lightings  and 
extinguishments  of  the  arc  must  follow  one  another 
more  rapidly  than  loo  times  per  second ;  or,  in  other 
words,  the  alternating  current  must  have  a  fre-Aicenut- 
quency  of  scxnething  greater  than  50  i)eriods  permm^ 
second.     In  practice,  it  has  been  found  that  at  6ouL[ubM 
periods  per  second  the  light  is  quite  steady.     In-iightS. 
deed,  at  50  periods  per  second,  few  eyes  can  distin- 
guish any  flickering  in  the  light. 

It  may,  perhaps,  appear  strange  that,  with  a 
properly  operated  arc-lamp  mechanism,  provided  the 
alternations  are  sufficiently  rapid,  the  steadiness  of  ^^^  ^^ 
the  alternating-current  arc  is  even  greater  than  that  JJ^JJ^TEc 
of  the  continuous-current  arc     The  reason,  how-«n*yR;T« 

a  steadier 

ever,  is  evident  In  the  altematincf-current  arc  theiw>ttiiana 
alternate  extinguishments  and  rdightings  follow  one  current  arc 
another  with  great  regularity  and  so  rapidly  as  to 
produce  a  light  of  marked  average  steadiness; 
while,  in  the  case  of  the  constant-current  arc,  tiie 
irregular  variations,  due  to  the  travelling  of  the  arc, 
or  to  other  causes,  may  produce  differences  in  its 
intensity  that  will  cause  a  marked  flickering  of  the 
light 
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The  alternating-current  arc  requires,  generally 
£j^^    speaking,  when  maintained  in  open  globes,  a  current 
^Irfior  of  about  15  amperes,  at  a  pressure  of  from  30  to 
™;5iSl"35  volts.     In  order  to  prevent  the  extii^;uishment 
of  the  light  on  the  change  in  the  directicMi  of  the 
current,  the  presence  of  a  sufficient  quantity  of  glow- 
ing carbon  v^>or  between  the  arc  must  be  ensured. 
^S3»     Consequently,    the  current    strength    employed    is 
SSiS?S2d.  greater  than  in  the  continuous-current  arcs.     Fot 
Sl^iS^uli^the  same  reascMi,  a>red  carbons  are  always  employed, 
™™°'"*"in  order  to  permit  the  ready  formation  of  a  suffi- 


Fig.  70. — Altscoaling'^umnt  Cuboa  Arc  Note  bera  Ihtf  the  enda  of 
both  carboni  Are  flattened,  diSerins  in  this  Teipecl  from  the  diTect-cur> 
rent  cirbon  arc  nprewnted  in  Fig-  69- 

cient  quantity  of  carbon  vapor.  The  power  factor  of 
an  alternating-current  arc,  maintained  in  open  globes, 
is  about  fflghty-five  per  cent  of  the  apparent  watts. 

A  humming  sound  always  acccnnpanies  the  tise  of 
the  alternating-current  arc.  The  variations  in  the 
current  strength,  that  occur  during  each  alternation, 
set  up  corresponding  vibrations  in  the  air  surround- 
ing the  arc,  and  these  produce  a  more  or  less  musical 
tone,  corresponding  in  pitch  to  the  number  of  alter- 
nations per  second.  The  general  appearance  of  an 
alternating-current  arc  is  seen  in  Fig.  70. 
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CHAPTER    IX 

UGHT   AND   ILLUMINATION 

"Doth    make   the    night    joint-laborer    with    the    day." — 
Hamlet,  Act  I,  Scene  I 

THERE  are  two  distinct  ways  in  which  we 
may  regard  the  artificial  light  emitted  by 
any  source,  such,  for  example,  as  a  candle, 
gas  light,  or  electric  arc  lamp;  viz.,  as  regards  its  two 
ability  to  permit  us  to  distinguish  the  outlines  or  ^ISSST^ 
shape  of  a  body  in  an  otherwise  dark  place,  and  as  hlilli^M. 
regards  its  ability  to  permit  us  to  distinguish  the 
true  colors  of  the  object  so  lighted  up  or  illumined. 

The  ability  of  an  artificial  source  of  light  to  en- 
able the  outlines  of  an  illumined  body  to  be  clearly 
distinguished  depends  on  the  amount  of  light  the 
luminous  body  emits,  or  on  what  is  generally  called  inteittit|r 
its   luminous   intensity  or  candle-power.     By   the  power  oi 
candle-power  of  a  luminous  source  is  meant  the  in-  •ource. 
tensity  of  the  source  expressed  in  some  unit  of 
luminous   intensity.      A   very  convenient  unit  of 
luminous  intensity  is  that  equal  to  the  intensity  of 
the  light  emitted  by  a  candle  of  a  certain  composi- 
tion and  definite  size,  and  burning  at  the  rate  of  two 
grains  per  minute.     If,  therefore,  we  speak  of  a^^^^^^^ 
source  of  light  as  having  a  luminous  intensity  of  d*rdcandic 
say  I, coo  standard  candles  per  minute,  we  mean 
that  such  a  light,  if  it  were  possible  to  reduce  it  to  a 
mere  point,  would  have  an  intensity  equal  to  that 
of  i,ooo  standard  candles  concentrated  at  a  single 
point. 
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The  light  emitted  by  a  luminous  source  may  be  re- 
pinx  or      garded  as  the  result  of  a  flux  or  flow.    Just  as  in  the 
flow  of  light  ^5g  of  the  north-seeking  magnetic  pole,  in  which 
a  certain  quantity  of  magnetic  flux  emerges,  so  a 
lighted  candle  may  be  regarded  as  having  a  flux  or 
flow  of  light.    Anything  which  increases  the  lumi- 
nous intensity  of  a  source  of  light,  %.e.  that  increases 
its  candle-power,  increases  the  amount  of  its  flux  or 
Candle,      flow.     Consequently,  with  an  increase  in  the  candle- 
SSrSiumi-  power  or  intensity  of  a  limiinous  source,  there  is  a 
"*"*''•       corresponding  increase  in  the  total  quantity  of  light 
that  falls  on  or  illumines  the  surface  of  bodies  whose 
outlines  and  shapes  are  to  be  rendered  visible  to 
the  eye. 

Care  must  be  taken  to  distinguish  between  the 

words  light  and  iUtuninati(xi.     The  word  light  sig- 

Difference  nifics  a  simple  flux  or  flow  emitted  by  a  luminous 

light  Mdii-  source,  while  the  word  illumination  is  the  quantity 
ummation.  ^^  j.^j^^  ^^  ^^.^  ^^  ^^^  rcccivcd  by  the  body  whose 

outlines  and  shapes  are  to  be  rendered  visible.  The 
light  received  by  the  illumined  body  may  come  di- 
rectly from  the  luminous  source,  or  it  may  first 
fall  on  the  surfaces  of  surrounding  bodies,  such  as 
the  walls,  ceiling  and  floor  of  a  room,  and  from 
them  be  thrown  on  the  surfaces  of  the  body  to  be 
illtmiined. 

It  would  seem  to  be  an  easy  matter  to  obtain  a 
suitable  standard  of  Itmiinous  intensity.  It  would 
of  luminous  appear  only  necessary  to  light  a  standard  candle  and 
compare  the  intensity  of  the  light  it  emits  with  that 
emitted  by  the  body  whose  luminous  intensity  is  to 
be  measured.  This  simplicity,  however,  is  only 
apparent.  Unless  the  candle  is  kept  burning  at 
a  steady  rate,  so  that  only  a  quantity  of  two  grains 
of  wax  or  other  material  shall  be  consumed  per 
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minute,  the  amount  of  light  emitted  will  vary  greatly. 
Now  this  is  not  as  easy  as  might  be  bdievecL     The  SSmSSm 
light  increases  with  an  increase  in  the  length  of  the  |^m^ 
wide.     It  will  vary  if  a  draught  or  current  of  airJlS?^ 
blow  in  the  room ;  it  will  vary  with  the  temperature 
of  the  room;  it  will  vary  markedly  from  time  to 
time  with  the  chemical  composition  of  the  wax  em- 
ployed, whidi  differs  in  spots  in  the  candle;  and  it 
will  vary  with  a  great  many  other  circumstances; 
so  that  its  candle-power  will  change  from  time  to 
time.     Consequently,  a  great  variety  of  other  lu- 
minous sources  have  been  adopted  in  different  parts 
of  the  world. 

If  an  illumined  object  received  its  light  directly 
from  the  luminous  source,  it  would  be  possible  to 
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Fig.  71. — Law  of  Inrerse  Squares  as  applied  to  tlie  intensity  of  illmd' 
nation  received  directly  from  a  point  source  of  Ufftat. 

determine  the  value  of  the  illumination  by  a,  simple 
calculation  based  on  its  distance  from  the  luminous 
source;  for,  it  is  evident  that  the  inten^ty  of  the 
illumination  received  from  a  point  source,  that  is,  a 
source  whose  light  is  practically  all  concentrated  m 
a  single  point,  must  be  inversely  as  the  square  of  its 
distance  from  the  luminous  source.  Thus,  kt  the 
light  of  the  candle  L,  Fig.  71,  fall  on  the  surface  of  a 
screen  placed  at  A  B,  at  a  distance  of  say  one  inch 
from  the  candle.  Then  a  certain  illumination  will  be 
received  by  the  screen.  If,  now,  the  screen  be  re- 
moved to  a  distance  twice  as  great  from  the  candle, 
as,  for  example,  to  C  D,  the  same  quantity  of  light 


iDTene 
squares. 
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from  the  candle  will  now  fall  on  or  illumine  an  area 
four  times  greater  than  at  A  B.  Consequently,  only 
x^^oi  one-fourth  of  the  light  will  be  received  by  an  area 
equal  to  A  B,  and  the  intensity  of  its  illumination 
will  only  be  one-quarter  as  great  as  in  the  first  in- 
stance. If  the  screen  be  removed  to  E  F,  a  distance 
three  times  as  great  as  at  A  B,  the  same  quantity  of 
light  will  now  illumine  an  area  nine  times  as  great  as 
at  A  B,  and  only  one^ninth  of  the  light  emitted  by 
the  luminous  source  will  be  received  by  an  area  A  B. 
Consequently,  the  intensity  of  its  illumination  will 
be  but  one-ninth  at  E  F  what  it  was  at  A  B.  This 
variation  in  the  intensity  of  the  illumination  at  dif- 
ferent distances  is  sometimes  called  the  law  of  in- 
verse squares.  In  point  of  fact,  however,  in  nearly 
all  cases,  bodies  that  are  illumined  from  artificial 
sources  of  light  receive  a  part  of  their  illumination 
indirectly  by  the  reflection  of  the  light  from  sur- 
rounding bodies.  The  law  of  the  inverse  squares 
wc  have  just  described  is  only  true  when  the  lumi- 
nous source  is  a  point,  and  when  the  illumined  body 
only  receives  the  light  directly  from  the  luminous 
source. 

The  relative  intensities  of  various  sources  of 
light  can  be  measured  by  means  of  an  instrument 
called  the  photometer.  One  of  the  simplest  forms 
of  photometers,  shown  in  Fig.  72,  is  so  arranged  as 
to  measure  the  intensity  of  the  light  emitted  by  a 
^j^g«J|lamp  as  compared  with  the  light  emitted  by  a 
^^^SSZ  candle.  An  upright  rod  of  some  opaque  substance, 
such  as  wood,  is  placed  in  front  of  a  screen,  so  that 
the  shadows  of  a  lamp  and  a  candle  respectively  may 
fall  side  by  side  on  the  surface  of  the  screen,  the 
position  of  the  candle  being  fixed,  and  the  lamp  being 
moved  from  or  toward  the  screen  until  the  two  shad- 
ows appear  to  be  of  the  same  density.    The  relative 
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Ituniaous  intensities  of  the  candle  and  the  lamp  will 
then  be  prt^rtional  to  the  squares  of  their  dis- 
tances from  the  screen.  Suppose,  for  example,  that 
the  lamp  requires  to  be  moved  twice  as  far  from  the 
screen  as  the  distance  of  the  candle  before  the  two 


Fu.  ji. — Tb  S^hIow  PkitoiiKter.  Note  tlw  reluirc  -t'tU-^-t  tt 
whidi  the  candle  and  tbe  lamp  are  abk  equallj  to  illumiiie  eacb  othei'a 
■h^ow  of  the  rod. 

shadows  appear  of  the  same  density.  Then  the 
luminous  intensity  of  the  lamp  will  be  four  times 
as  great  as  the  limiinous  intensity  of  the  candle. 

A  better  form  of  photometer,  called,  from  the 
name  of  its  inventor,  the  Bunsen  photometer,  con- 


Pio.  73. — Biuaen'i  Pfaotometer.  Note  the  {*et  that  tbe  gaa  flame  B, 
■Hbonxh  nracb  fonber  fion  tbe  paper  acreeB  S,  i*  able  to  leDd  u 
equal  amcniDt  of  light  tbrough  the  greaaeapat  in  tbe  centre  ol  tbc  bctccd 
aa  tbe  eaodle  flame  at  A,  which  is  much  nearer  tbe  aereen. 

sists  of  a  screen  of  paper  S,  Fig.  73,  placed  in  a  ver-  p,^; , 
ticaJ  position  between  the  two  sources  of  light  ^^^'°l 
whose  luminous  intensities  are  to  be  measured;  forP*""™' 
exan^le,  a  gas  burner  B  and  a  candle  flame  A.    The 
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paper  screen  has  a  spot  of  grease  placed  at  its  centre, 
so  as  to  permit  the  light  to  pass  through  this  part  of 
the  screen.  If  this  screen  be  so  placed  that  it  re- 
ceives a  greater  illumination  from  one  of  the  lights 
than  the  other,  as,  for  example,  from  the  gas  burner, 
then,  on  the  side  of  the  screen  nearest  the  candle  the 
central  part  of  the  disk  will  appear  to  be  brighter 
than  on  the  opposite  side,  for  a  greater  quantity  of 
light  from  the  gas  burner  passes  through  the  grease 
spot  than  falls  on  the  ungreased  side  of  the  screen 
nearest  the  candle  flame.  If,  however,  the  screen 
be  moved  to  such  a  point  between  the  two  sources 
of  light  that  both  sides  of  the  disk  are  equally 
illumined,  the  grease  spot  will  disappear,  for,  in 
this  position,  its  opposite  faces  are  receiving  an 
equal  illumination  from  the  two  sources,  and  the 
intensities  of  the  two  sources  of  light  will,  there- 
fore, be  directly  proportional  to  the  square  of  their 
distances  from  the  screen.  If,  for  example,  as  is 
represented  in  Fig.  72,  the  distance  be  as  4  is  to  i, 
that  is,  if  the  gas  flame  is  able  to  illumine  the  surface 
of  the  disk  to  an  extent  equal  to  that  of  the  candle, 
then  the  intensity  of  its  light  will  be  16  times  that 
of  the  candle. 

The  ability  of  an  artificial  light  to  enable  the  eye 
to  distinguish  the  colors  of  the  bodies  it  illumines 
as  distinctly  as  would  daylight ;  or,  in  other  words, 
to  give  them  what  might  be  called  their  true  sunlight 
or  daylight  color-values,  depends  on  the  character 
of  the  light  they  emit.  If  a  narrow  slice  of  sunlight 
be  passed  into  a  dark  room  through  a  hole  in  a 
shutter,  and  is  then  caused  to  pass  through  a  glass 
tion  of  sin-  prism  P,  Fig.  74,  the  light  will  be  separated  into  a 
bv  prism     number  of  different  colored  rays.     If  these  rays  be 

of  glass.  ,  •'  •' 

permitted  to  fall  on  a  screen,  they  will  be  separated 
into  a  brightly  colored  band  VR  called  the  spec- 
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tnim.  Here  only  a  few  of  ttie  colors  of  the  spec- 
tnun  are  reiM'esented  by  their  initial  letters;  viz., 
violet,  indigo^  blue,  green,  yellow,  orange^  and  red. 
Stmlight  consists  of  a  very  great  number  of  differ- 
ent colors.  Now,  when  sunlight  falls  on  different 
colored  objects,  certain  of  these  rays  are  absorbed, 
and  only  those  corresponding  to  the  particular  oc4or 
of  the  body  are  given  off.  It  is  in  this  way  that  the 
color  of  bodies  is  recognized  through  the  agency 
<^  the  eye. 

Some  artificial  sources  of  light  contain  certain  of 
these  colors  only.     Some  sources  of  light  contain  a 


Fio.  74.— Speamm  af  Darlwht  farnwd  br  y—tfc  of  ligbt  ttanni^  a 
prkm.  Note  the  (act  that  the  different  colond  njn  are  different];  re- 
fracted or  bent  from  ibeir  ooune,  FK,  the  violel  being  tbe  most  and 
tke  red  the  lest  icfracted. 

preponderance  of  certain  colors  only.     For  example, 
they  are  rich  in  the  red,  orange  and  yellow  tints,  ^^ 
while  tbe  blue,  the  indigo  and  the  violet  rays  are^^j^' 
either  entirdy  absent,  or  exist  but  in  very  small  ^^^ 
quantities.     Necessarily,  therefore,  wh«i  such  arti-'»i'""- 
ficial  light  falls  on  colored  bodies  that  would  appear 
blue,  indigo  or  violet  by  sunlight,  their  true  color 


'  Defideocy 
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values  can  not  be  perceived  by  the  eye.  The  nearer 
the  approach  of  artificial  light  in  these  various  rays 
to  the  proportions  of  the  different  colored  rays  that 
exist  in  sunlight  or  in  daylight,  the  nearer  can  such 
light  give  to  the  objects  it  illumines  their  true  day- 
light or  sunlight-values.  The  light  emitted  by  an 
arc  lamp  corresponds  fairly  closely  in  its  composition 
to  that  of  sunlight  The  light  emitted  by  the  or- 
dinary incandescent  lamp  is  deficient  in  some  of  the 
colors  or  tints  near  the  violet  end  of  the  spectrum. 


Varioat 
touroes 


The  principal  source  of  the  light  produced  by  a 
of  continuous-current  carbon  voltaic  arc  is  the  tiny 
theeS^'  crater  in  the  positive  carbon.  According  to  Crocker, 
▼oitaic  arc.  ^j^^j.^  ^^  carbons  are  placed  directly  one  above  the 

other  with  the  positive  carbon  above,  if  we  represent 
the  total  intensity  of  light  emitted  by  one  hundred 
parts,  then  some  eighty-five  of  such  parts,  or  eighty- 
five  per  cent,  would  be  emitted  by  the  positive  crater, 
about  five  parts,  or  five  per  cent,  would  be  emitted 
by  the  arc  proper,  and  the  remaining  fifteen  parts, 
or  fifteen  per  cent,  by  the  negative  carbon.  Neces- 
sarily, therefore,  the  greater  proportion  of  light 
emitted  by  a  carbon  arc  must  be  thrown  downward. 

The  various  amounts  of  light  emitted  by  such  car- 
bon arcs  in  different  directions  will  depend  on  the 
character  of  the  carbons  employed,  as  well  as  on  the 
distance  that  separates  them.  Generally  speaking, 
however,   in  continuous-current  arcs  the  distribu- 

Distribu-    *^^^  ^^  ^^  ^^^^^  will  be  that  represented  in  Fig.  75. 

Y^tii      Here,  as  will  be  seen,  but  little  light  is  thrown  above 

raJJJSt**™*'  the  horizontal  plane  passing  through  the  carbon  arc. 

voiitSSarc.  No  light  whatcvcr  passes  vertically  upward,  and  by 
far  the  greater  intensity  of  the  light  emitted  is 
given  off  in  a  direction  about  45°  below  the  hori- 
zontal line.     The  relative  proportions  of  the  light 
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emitted  in  various  directions  around  the  arc  can  be 
obtained  by  drawing  straight  lines  from  the  arc  to 
different  parts  of  the  curved  line  If  the  candle- 
power  of  the  arc  represented  in  this  figure  be  2,000 
standard  candles,  in  the  direction  OC  or  OF,  of 
maximum  intensity,  then,  probably,  only  about  220 
candles  would  be  emitted  in  the  direction  of  the 
horizontal  plane,  and,  probably,  only  some  200 
candles  in  the  upward  directions  OA  or  OH. 


in  the  alternating-current  arc,  the  upper 
and  lower  carbons  are  alternately  positive  and  vtiga^ 


DistrilMi!* 


Pick  75*' '  CnrvHi  miowiof  Dittribiitioii  of  \iffiA  of  ContiiMMWH  ciirrmt 
Carbon  Voltaie  Are.  Note  that  neaily  all  the  Uffht  is  thrown  downward 
at  an  an^^  of  45®  from  the  horiaootal  plane  or  in  the  direction  GP 
or  BC 

tive,  a  small  crater  is  established  in  each,  so  that 
the  distribution  of  the  light  must  differ  considerably 
from  that  in  the  continuous-current  arc.  In  alter- ^^<>^f 
nating-current  arcs,  therefore,  as  we  should  e9q)ect,  ^^J^ 
the  distribution  of  light  above  the  horizontal  fdane^'^j'^ 
is  very  nearly  equal  to  that  below  such  plane  For 
all  purposes  such  as  street  lighting,  oc  other  loca- 
tions where  the  light  is  desired  mainly  below  the 
lamp,  in  (^der  to  avoid  the  loss  of  that  portion 
which  is  emitted  in  the  direction  above  the  hori- 
zontal plane,  a  reflector,  usually  in  the  shape  of  a 
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porcelain  ^lade,  is  always  placed  above  tiie  carbon. 
In  alternatingHnurent  arcs,  as  in  oontinaoua-corrent 
arcs^  the  distributicm  of  the  light  varies  vidi  the 
quality  and  the  size  of  the  carix>iis»  and  widi  the 
length  of  the  arc  The  distribution,  however,  is, 
as  a  rule»  fairly  represented  by  the  carves  shown  in 
Fig.  76. 

It  will,  dearly,  be  impossible  fairly  to  determine 
the  total  intensity  of  the  light  emitted  by  any  carbon 
arc  by  measuring  it  with  a  photometer,  in  vxf  one 


Fm.  fC^— Ciwes  Shuwlng  Distributiofi  of  Light  of 
Ctfboa  Arc    Compare  the  distribution  of  the  light  in  this  case  with  that 
of  the  continuotts-current  arc  in  Fig.  75. 


po 


^^^  directkxi  only.  In  practice,  the  candkMpower  is 
J2SSI?**  generally  measured  in  four  diiferent  ways;  viz.,  an 
average  is  taken  of  many  separate  meamiements  in 
a  horizontal  plane.  The  average  of  these  is  called 
the  mean  horizontal  candle^ower ;  or,  measurements 
are  taken  of  the  intensity  of  the  light  in  all  cUrectioos 
and  at  all  angles,  both  above  and  bdow  ti^  hori- 
zontal, as  well  as  in  the  horizontal  fdaae.  The 
average  of  these  measurements  is  called  the  mean 
spherical  candle-power;  or,  measuremei^  are  taken. 


Mean- 
spherical 
duidle- 
power. 
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in  a  similar  manner,  in  various  directions  below  the  moui  hemi. 
horizontal  plane  only.     The  average  of  these  meas-Sodie. 
urements  is  called  the  mean  hemispherical  candle- 
power;  or,  a  measurement  is  taken  in  the  direction 
of  the  greatest  candle-power.     This  is  called  thecamite- 
maximum  candle-power. 

It  is  by  no  means  an  easy  matter  properly  to  de- 
termine the  candle-power  of  an  arc  lamp.     The 
total  quantity  of  light  emitted  by  the  arc  varies  jj.^^^^^  .^ 
greatly  from  time  to  time,  so  that  a  careful  measure-  2;2d£*"' 
ment  taken  at  any  moment,  in  any  direction,  may  bep^^jj^o^f 
either  above  or  below  the  average  intensity  in  that 
direction.     Moreover,   the  travelling,  or  shifting, 
of  the  arc,  causes  a  still  greater  irregularity  in  the 
intensity  of  the  light  emitted  in  different  directions. 
Clearly,  the  fairest  estimate  of  the  light  emitted 
would  be  the  mean  spherical  candle-power.     But 
this,   unfortunately,   is  most  difficult  correctly  to 
determine.     For    street    lighting   the   mean   hemi- 
spherical candle-power  is  most  important.     These 
difficulties  in  properly  measuring  the  candle-power 
have  led  to  the  general  adoption  of  what  is  called 
the  nominal  candle-power;  i.e,,  a  candle-power  de-JJJSiS^ 
termined   not   by   photometric   measurements,   butP®*^*'- 
calculated  from  the  number  of  watts  present  in  the 
arc  under  certain  conditions.     For  example,  it  is 
assumed  that  a  carbon  arc  produced  by  a  current  ^y>.watt 
of  lo  amperes,  at  a  pressure  of  45  volts,  or  at  45o;SntaSl~* 
watts,  has  a  photometric  intensity  of  2,000  nominal  ^wir 
candles.     It  must  not  be  supposed,  however,  that 
we  will  obtain  2,000  nominal  candles  from  any  450 
watts  lamp,  since  these  particular  450  watts  must  be 
obtained  from  the  10  amperes,  and  the  45  volts  be- 
fore referred  to.     A  small  change  either  in  the  value 
of  the  current,  or  of  the  pressure,  will  produce  a 
marked  difference  in  the  candle-power  of  the  arc. 
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Any  increase  in  the  current  strength  that  main- 
tains a  carbon  arc,  results,  as  we  have  already  seen, 
only  in  an  increase  in  the  quantity  of  carbon  vapor 
^*^r°ind  that  is  given  off;  or,  in  other  words,  it  results  in  an 
Syi'SSt!'  increase  in  the  area  of  the  crater  in  the  positive  car- 
bon. Since  this  crater  is  the  principal  source  of  light, 
the  nominal  candle-power  of  the  arc  can  be,  approxi- 
mately, determined  from  the  area  of  the  crater.  It 
has  been  estimated,  for  example,  that  the  crater 
emits,  approximately,  100,000  candles  for  every 
square  inch  of  surface.  This  would  make  the  crater 
of  a  2,000  candle-power  lamp  have  an  area  of  about 
one-fiftieth  of  a  square  inch. 


Arc-light 
sunburns. 


The  intensity  of  the  light  of  the  carbon  arc  is  so 
great  that  care  must  be  taken  not  unnecessarily  to 
expose  the  eyes  to  its  light;  otherwise,  serious  in- 
flammation of  the  eyes  may  result.  Like  sunlight, 
a  continued  exposure  to  an  arc  light  produces  painful 
burns,  like  sunburns. 


Actinic 
or  photo- 
IfTsphic 
power  of 
arc  light. 


Since  the  light  emitted  by  the  carbon  voltaic  arc 
is  rich  in  the  colored  rays  near  the  violet  end  of  the 
spectrum,  it  is,  like  sunlight,  suitable  for  photo- 
graphic purposes;  that  is  to  say,  the  actinic  power 
of  the  arc  light,  or  its  power  of  producing  such 
chemical  decompositions  as  are  necessary  in  order 
to  obtain  photographic  pictures,  is  comparativdy 
great.  Consequently,  arc-light  mechanisms  are  em- 
ployed, as  we  shall  shortly  see,  for  general  photo- 
graphic purposes. 
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CHAPTER   X 

SOME   EARLY   ATTEMPTS   AT   ARC    LIGHTING 

"The  dazzling  brilliancy  of  the  light,  first  investigated  by 
Davy  with  two  thousand  cells  early  in  the  century,  has  long 
led  philosophers  and  engineers  to  endeavor  to  utilize  it  for 
purposes  of  illumination." — Pkebce-Noad 

SHORTLY  after  the  exhibition,  by  Davy,  of 
the  splendors  of  the  light  of  the  carbon  vol- 
taic arc,  various  attempts  were  made  to  pro- 
duce lamp  mechanism,  by  means  of  which  the  car- 
bons could  be  maintained  at  such  a  constant  distance 
apart  as  was  necessary  to  produce  light  of  the  steadi- 
ness required  for  purposes  of  artificial  illumination,  vdluicb^. 
Two  serious  difficulties,  however,  were  soon  experi- !l^<^i7 
enced.     In  the  first  place,  although  the  voltaic  bat- S^ughtlor 
tery,  as  given  to  the  world  by  Volta,  was  an  immense 
improvement    on    all    previously    existing    electric 
sources,  yet  the  current  it  produced  lacked  the  steadi- 
ness necessary  for  commercial  arc  lighting.     Then, 
in  the  next  place,  a  difficulty  arose  from  the  fact 
that  the  carbons  generally  employed  in  arc  lighting  S^j;^ 
were  either  formed  from  pieces  of  well-burned  char-  ^^^ 
coal,  or  consisted  of  short  lengths,  sawn  from  the^^/^JJJJ 
mass  of  artificial  carbon,  deposited  on  the  inside  of  Jj^lbJ^^?" 
the  retorts  employed   for  the  production  of  illu- 
minating gas,  by  heating  coal  to  high  temperatures 
in  inclosed  spaces. 

In  1840,  Bunsen  made  a  great  improvement  in  the 
voltaic  battery  by  substituting  a  cheaper  material. 
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i.e.  carbon,  for  the  expensive  platinum  of  the  Grove 
?oiu^'*  double-fluid  battery.  Since  double-fluid  batteries 
battery,  posscss  a  far  Smaller  polarization  than  ordinary  bat- 
teries, Bunsen's  invention,  first  producing  a  cheap 
double-fluid  battery,  may  be  considered  as  marking 
an  era  in  the  history  of  arc  lighting,  since  it  fur- 
nished an  electric  source  capable  of  producing  a 
much  steadier  current  than  had  heretofore  been 
possible.  Moreover,  the  resistance  of  the  battery 
was  cranparatively  small,  so  that  it  yielded  a  strong 
current. 

But  Bunsen  did  more  for  the  advance  of  arc  light- 
ing than  simply  improving  Grove's  battery.  In  or- 
Bunwn's  ^^^  ^o  Obtain  the  carbon  plates  necessary  for  his 
^S^m,  voltaic  cell,  he  formed  them  artificially,  in  the  shape 
of  plates  and  rods,  by  thoroughly  mixing  various 
kinds  of  finely  powdered  carbon  into  a  paste,  with 
liquids,  such  as  molasses  or  tar,  that  were  capable 
of  being  carbonized,  that  is,  of  leaving  a  deposit  of 
hard  carbon  when  exposed  to  high  temperatures 
while  out  of  contact  with  the  air.  These  mix- 
tures of  carbonaceous  powders  and  carbonizable 
liquids  were  subjected  to  a  great  pressure,  in  suit- 
ably shaped  molds,  and  subsequently  dried  and  ex- 
posed to  the  prolonged  action  of  heat  in  an  in- 
closed space,  to  which  air  had  no  access.  Under 
these  circumstances,  the  carbon,  deposited  by  the 
hSZita  decomposition  of  the  carbonaceous  liquids,  served  to 
SSlJS^  bind  the  particles  of  the  powder  into  a  strong  co- 
herent mass,  which  possessed  fairly  high  conducting 
powers  for  electricity.  Workers  in  the  field  of 
electric  lighting  were  not  slow  in  employing  such 
artificial  carbons  in  place  of  the  pieces  of  charcoal 
or  gas  retort  carbons  for  the  electrodes  of  arc  lamps, 
and  this  substitution  proved  of  great  advantage  to 
the  art. 


dal  carbons 
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The  impetus  thus  given  to  the  art  of  dectric  light- 
ing resulted  in  great  improvements  in  the  various 
forms  of  arc-lamp  mechanisms.     In  order  to  be 
able  to  understand  these  improvements  more  fully, 
let  us  briefly  examine  some  of  the  conditicms  neces- 
sary for  maintaining  a  carbon  voltaic  ara     In  the 
first  place^  it  is  necessary  that  the  carbons  be  brought 
together  and  then  gradually  separated,  so  as  to  form 
or  strike  the  arc  between  them.     Then,  since  the 
carbons  are  consumed  during  the  maintenance  of^ttioat 
the  arc,  some  means  must  be  provided,  by  the  move-fS^^S^ 
ment  of  either  one  or  both  of  the  carbons,  to  keep^bSaM«. 
them  at  a  constant  distance  apart.     Moreover,  since 
the  positive  carbon  is  consumed  more  rapidly  than 

;^^  .^1^  y>l^  ;^ 

Y  "V 

FxG.   77.-»Variimt  ArrangemenU  of  Arc*light  Carboni. 

the  negative  carbon,  if  these  movements  are  imparted 
to  both  of  the  carbons,  the  movement  given  to  the 
positive  carbon  must  be  more  rapid  than  that  given 
to  the  negative  carbon. 

The  carbons  were  given  various  positions.     In 
some  lamps  they  were  placed  inclined  to  one  an- 
other, with  the  ends  of  the  carbons  pointing  gener-^^.^^ 
ally  downward,  as  shown  at  A,  in  Fig.  77.    Thispj^<«« 
was  done  in  order  to  ensure  the  greatest  quantity  of  ^^JgJ^ 
light  being  emitted  in  a  direction  below  the  lamp. 
In  some  lamps,  the  carbons  were  placed  in  a  hori- 
zontal plane,  as  shown  at  B;  in  others  they  were 
placed  one  directly  above  the  other,  as  at  C ;  and  in 
still  others,  the  two  carbons,  although  placed  in  the 

Vol.  IL-8 
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the  upper  carbon  only  was  so  moved.  Necessarily, 
an  arc-light  r^fulator  of  such  a  type  would  be  im- 
possible to  employ,  except  in  the  lecture  room,  where 
but  a  single  light  was  required,  and  that  only  for  an 
hour  or  so  at  a  time.  Automatic  regulators,  or 
those  in  which  one  or  both  of  the  carbons  are  moved 
toward  and  f r<Mn  one  another,  so  as  to  maintain  a 
constant  distance  between  them,  were,  however,  soon 
invented. 


Immediately  following  the  improvements  in  the 
Bunsen  battery  a  number  of  automatic  arc-lig^t 


Barly 


regulators  were  invented.     These  were  of  a  type  attempts  of 

"  Icuil  &   * 

cherea 
&t  ottt-door 


suitable  only  for  use  where  but  a  single  lamp  wasli^ereaS^ 
employed  in  the  circuit  of  the  generator.  Among  l^^u^SSr 
such  inventions  were  those  of  Deleuil  and  Arche- 
reau,  who,  between  the  years  1841  and  1844,  carried 
their  improvements  so  far  that  they  were  able  to 
maintain  arc  lights  in  the  open  air  in  Paris.  One 
of  these  lamps  was  placed  on  the  Conti  dock,  and  the 
other  on  the  Place  de  la  Concorde  The  arcs  were 
maintained  within  a  partially  vacuous  glass  globe, 
so  as  to  prevent  the  carbons  from  being  rapidly  con- 
sumed by  the  air.  Deleuil  and  Archereau's  experi- 
ments created  great  public  excitement,  and  the  be- 
lief existed  for  a  while  that  the  problem  of  success- 
ful arc  lighting  had  been  solved;  but  it  was  soon 
found  that,  even  with  the  improved  battery  of  Bun- 
sen,  the  current  could  not  be  produced  cheaply 
enough,  or  with  the  steadiness  requisite  for  actual 
use ;  so  that  this  effort  eventually  failed. 

In   1846,  Duboscq,  a  French  philosopher,  pro-^^^^^^ 
duced  an  arc-lamp  mechanism  which  operated  so  well  Wfir^t  at^ 
that  its  light  was  employed  in  the  opera  of  "The^^^^^,, 
Pr  ohet,"  in  Paris,  for  the  purpose  of  representing  in  ^si^. 
theti^'agsun. 
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Besides  the  inventors  mentioned  above,  De  Mo- 

leyns,  in  1841,  Wright,  in  1845,  Staite,  in  1847, 

together  with  numerous  others,  took  out  patents  in 

umMto^  England  for  improved  forms  of  arc  lamps.    Of 

£  u^  *h^  above,  Staite,  especially,  made  a  series  of  care- 

p*^*  ^*^**^  f ul   investigations   into   the   subject,   and   publicly 

lighted  a  large  hall  in  England  by  means  of  arc 

lights.     He  continued  this  work  until  1852,  and  his 

lamps  were  so  much  thought  of  that  two  were 

pla(^  on  the  top  of  a  tower  erected  for  the  purpose 

in  the  Liverpool  Docks.     Unfortunately,  Staite  died 

during  this  year,  and  the  experiments  were  shortly 

afterward  abandoned. 

In  1855,  a  very  important  invention  was  made  by 
i^acaiMffne  two  Frenchmen,  Lacassagne  and  Thiers.  This  in- 
Seat  in*"  *  vention  consisted  of  a  form  of  regulator  which, 
rtw<^m^.  as  we  shall  shortly  explain,  permitted  more  than  a 
luapfor  single  light  to  be  employed  on  the  same  circuit.  In 
drcSts.      1857,  '^y  the  use  of  two  such  arc  lamps,  Lacassagne 

and  Thiers  succeeded,  for  a  short  time,  in  lighting 

a  street  in  Lyons. 

None  of  the  preceding  attempts  was  successful 
for  any  length  of  time,  and  arc  lighting  was  practi- 
cally abandoned,  until  a  magneto-electric  machine, 
invented  by  NoUet,  and  afterward  improved  by  Van 
Malderen,   offered,   for  the  first  time,   an  electric 
source  capable  of  producing  and  maintaining  the 
character   of   current   necessary    for   arc   lighting. 
AuLicc     T^^^^  machine,  known  generally  as  the  Alliance  ma- 
SSrtric^    chine,  was  employed,  as  early  as  1863,  for  main- 
gcnerator.  taiuiug  an  elcctric  light  in  the  lighthouse  at  Havre; 
and,  in  1866,  was  employed  for  lighting  the  yacht 
of  Prince  Napoleon. 

The  Alliance  machine  was  the  best  of  the  early 
dynamo-electric  machines,  and,  as  we  have  seen,  was 
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first  actually  employed  in  the  production  of  the  elec- 
tric light.     The  general  appearance  of  the  Alliance  SS*^/^ 
machine  is  seen  in  Fig.  79.     It  consists  of  a  cast-  ilS,iSJ. 
Iron  frame,  oa  which  are  su[^rted  8  series  of  5 


Fig.  n. — AUiince  Hacneto-clectric  MackiK,  for  Arc  LigktiiiK.  N«te 
the  omngemenl  of  the  cisbt  teriti  of  ferouneat  nugneti.  The  current 
pn^Dixd  by  tbe  TOlatlan  of  the  amatare  is  emplored  to  Iced  tlie  ire 
Inip  shown  U  tbe  upper  Isfthand  corner  of  the  fipire. 

compound  permanent  magnets,  A,  A,  A,  etc.  The 
armature  consists  of  coils  of  wire  mounted  on  the 
surface  of  a  drum,  so  placed  as  to  be  capable  of 
rotation  before  the  magnet  poles. 
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The  greatest  improvement,  however,  in  arc  light- 
ing dates  from  1870,  when  Gramme  so  markedly 
improved  the  Pacinnotti  machine.  In  1876,  a 
ioff^"  Russian,  by  the  name  of  Jablochkoflf,  invented  a 
JlSJjJ^  form  of  arc  lamp,  which  was  so  simple  in  its  pro- 
duction and  application,  that  it  soon  came  into  ex- 
tensive use  in  various  parts  of  the  world.  *In  the 
Jablochkoff  electric  lamp,  or,  as  it  is  generally  called, 
the  electric  candle,  no  attempt  was  made  to  feed  the 
carbons  toward  one  another.  On  the  contrary, 
they  were  maintained  at  the  same  distance  apart, 
being  placed  side  by  side  and  parallel  to  each  other, 
as  shown  at  the  left-hand  side  of  Fig.  80,  where 


Fio.   80. — ^Jablochkoff   Candle   and  Enclosing  Globe. 

the  carbons  A  and  B  are  kept  in  their  relative  posi- 
tions by  means  of  a  small  quantity  of  kaolin,  which 
cements  them  together.  In  order  to  strike  the 
ioflS^'  ^rc  between  the  carbons,  a  small  quantity  of  a  car- 
igniter.  bonaccous  material,  called  the  "igniter,"  was  placed 
between  the  carbons  at  their  upper  ends.  The  pass- 
age of  the  current  through  the  igniter  volatilized  it, 
and  thus  served  to  strike  the  arc.  In  this  lamp, 
however,  if  the  light  became  extinguished,  it  could 
not  be  relighted.  Consequently,  a  number  of  sep- 
arate candles  were  generally  placed  in  the  same 
holder,  surrounded  by  a  single  glass  globe,  as  shown 
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j  at  the  right-hand  side  of  the  figure.     In  this  case 

the  electric  connections  were  so  arranged  that,  when  S^SSte 

!  the  current    failed   to   pass   through   one   candle, 'iSiS 

through  the  extinction  of  its  arc,  it  was  automat- S^^te" 
ically  switched  over  to  another  candle.  Electro- '*"'' ''*'**• 
magnetic  devices  were  also  subsequently  produced 
to  permit  the  relighting  of  an  extinguished  candle, 
by  means  of  a  small  piece  of  carbon  that  was  auto- 
matically brought  between  the  carbons,  thus  re- 
establishing the  arc. 

Although  the  Jablochkoff  candle  was  a  great  im- 
provement,  yet  serious  difficulties  arose  when  it 
was  placed  in  actual  use.     At  first  Jablochkoff  em- ubioch- 
ployed  direct  or  continuous  currents  to  maintain  cudU 
the  arc.     Since,  however,  the  positive  carbon  wasSSySS- 
consumed  about  twice  as  rapidly  as  the  negative, '"*^^ 
although  at  the  start  the  carbons  were  of  the  same 
length,  yet,  after  a  while,  the  free  end  of  the  posi- 
tive carbon  would  be  so  far  below  the  free  end  of 
the  negative  carbon,  that  the"  arc  would  at  last  be 
extinguished.     Jablochkoff  remedied  this  difficulty 
by  the  use  of  the  alternating  current.     Other  diffi- 
culties, however,  existed,  and  eventually  led  to  the 
replacement   of  the   Jablochkoff  system   by   other 
systems  of  arc  lighting. 

Alglave  and  Boulard,  in  their  book  on  "The  Arc 
Light,  Its  History,  Production  and  Applications," 
thus  refer  to  the  practical  application  of  the  Ja- 
blochkoff candle. 

"For  three  years  the  Avenue  de  TOpera  has  been 
lighted  by  electric  candles,  the  large  stores  haveAiji|^c 
adopted  it  as  a  means  of  advertising,  and  the  large  ^ig  on  the 
hotels  for  a  sign;  it  is  a  feature  of  all  the  public  toff  candie, 
fetes  in  the  great  cities  of  Europe  as  well  as  in  Paris ; 
and  to-day  there  are  not  less  than  twenty-five  hun- 
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dred  in  use  in  the  two  hemispheres,  especially  in 
large  workshops,  railroad  stations,  public  halls  and 
squares,  warehouses,  theatres,  such  as  the  Hippo- 
drome in  Paris,  and  in  several  places.  .  .  . 

"Within  four  years  these  wonderful  little  candles 

have  found  means,  not  only  of  spreading  through 

^^Maein  Frauce,  Belgium,  England,  and  Russia,  the  country 

ubi^h?*   of  the  inventor,  but  also  have  succeeded  in  penetrat- 

ioft  candle,  jj^^  jj^^^  Grecce,  Portugal,  Brazil,  La  Plata,  Mexico, 

and  even  into  those  places  where  there  would  be  the 
least  expectation  of  finding  improved  machinery, 
such  as  the  palace  of  the  Shah  of  Persia,  of  the 
King  of  Cambodia,  and  the  residence  of  the  fierce 
King  of  Burmah,  who  massacred  nearly  all  his 
family. 

"Its  extended  success  could  not  well  be  greater, 
although  it  is  far  from  c(»nbining  all  the  qualities 
indispensable  to  a  good  light    The  light  of  the  elec- 
tric candle  is  fluctuating,  and  its  variations  in  in- 
tensity are  magnified  by  flashes  of  diflFerent  colors 
which  often  mingle  with  its  light.    Those  who  fre- 
quent the  Avenue  de  TOpera  may  have  remarked 
that  accidental  extinctions,  from  whatever  cause,  are 
Some        sufficiently  numerous  to  rendw  the  exclusive  em- 
faiiure,      plo3rment  of  the  lights  of  this  system  in  the  public 
ciaiiy.of     service  very  dangerous.     In  exhibitions  and  expen- 
candie.       mcnts,  whcrc  great  care  has  been  bestowed  upon  the 
establishment  and  maintenance  of  the  apparatus,  they 
seem  to  work  a  little  better.     But  they  never  have 
been  able  to  compete  with  regulators  of  the  best 
systems,  especially  differential  lamps,  not  to  men- 
tion the  systems  of  open-air  incandescence  which 
supply  also  strong  centres  of  light  much  more  agree- 
able to  the  eye.^ 
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Before  the  abandonment  of  the  various  systems 
of  arc  lightmg  based  on  the  Jablochkoff  candle. 
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marked  improvements  were  made  on  this  form  of 
lamp.  For  example,  in  1878,  Wilde  invented  an32wS 
electric  candle  in  which  the  two  carbons  were  placed"*"^ 
side  by  side,  as  in  the  Jablochkoff  candle;  but,  in- 
stead of  bdng  insulated  from  each  other  l^  a  ce- 
menting mass  of  kaolin,  they  were  separated  only 
by  a  free  air  space,  as  shown  in  Fig.  81.  When  no 
electric  current  was  passing  through  the  candle,  the 
two  carbons  were  permitted  to  touch  each  other  at 


Fio.  81.— WUde'i  Ekctrie  Cuidk.  Poor-ondlc  Holder.  Note  the  di- 
nctioo  of  tbe  electric  current  through  th«  two  tieuy  pir*llcl  cirlmiu. 
The  csrtxnu  beins  ilifhtlr  iDclioed,  the  arc  wu  mainCtuaed  «  their  free 


their  upper  ends.  On  the  passage  of  the  electric 
current,  an  electro-magnet,  placed  in  the  same  cir- 
cuit as  the  candle,  by  the  attraction  of  its  armature, 
gradually  separated  the  free  ends  of  the  carbons, 
and  thus  struck  the  arc  between  them.  Wilde's 
candle  was  a  great  improvement  over  the  Jabloch- 
koff candle.  It  burned  for  a  greater  length  of  time, 
could  readily  employ  longer  carbons,  and,  if  acci- 
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dentally  extinguished,  could  be  automatically  re- 
lighted by  the  current. 

In  1879,  Jamin  improved  the  Wilde  candle  by 
surrounding  the  ends  of  the  carbon  by  a  series  of 
Jamin*!  metallic  coils,  through  which  the  current  maintaiii- 
caSte^  ing  the  arc  was  passed.  These  coils  acted,  by  their 
attraction  on  the  movable  matter  of  the  voltaic  arc, 
to  keep  it  in  a  central  position,  and  thus  improve  the 
steadiness  of  the  arc.  Although  both  the  Wilde  and 
the  Jamin  candles  were  marked  improvements  on  the 
Jablochkoff  invention,  yet  they  were  soon  abandoned. 

A  form  of  lamp  intermediate  between  the  arc  and 
the  incandescent  lamp,  which  marked  a  greater  de- 
■oA-in.     parture  from  the  arc  lamp  proper  than  did  the  lamps 
lamp.    "   of  Jablochkoff,  Wilde,  and  Jamin,  was  the  semi- 
incandescent  lamp,  invented  by  Re)mier,  in   1877. 
The  light  of  semi-incandescent  lamps  is  obtained 
both  from  incandescence  and  from  minute  voltaic 
arcs.     Like  the  Jablochkoff  lamp,  Reynier's  lamp 
was  exceedingly  simple.     A  thin  rod  of  carbon, 
which  is  made  positive,  was  pressed  against  a  con- 
tact piece  consisting  of  a  block  of  carbon.     On  the 
passage  of  the  current  from  the  slender  positive  rod 
to  the  contact  piece,  light  was  produced  both  by  in- 
candescence and  by  the  arc  near  the  points  of  contact. 
As  the  rod  was  gradually  consumed,  it  was  con- 
tinuously pushed  against  the  contact  piece.     The 
Reynier  lamp  was  modified  by  Werdermann  and 
others.     It  has  been  found  in  practice  that,  under 
the  condition  of  operation  of  these  lamps,  the  nega- 
tive carbon  is  very  slightly  consumed,  the  principal 
Reynier's    cousumption  bciug  in  the  positive  carbon.     In  an 
jj^^Jf*    improved  form  of  Reynier  lamp,  an  additional  con- 
oAdescent  ^^  y^^^  placed  agaiust  the  positive  carbon,  near  its 
lower  end.     The  general  appearance  of  a  Re3mier 
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lamp  is  shown  in  Fig.  82.      Here  C,  on  the  left 
hand  side  of  the  figure,  represents  the  positive  car- 
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bon;  B  the  main  contact  piece,  or  n^ative  carbon ;  Sjjjf^ 
L  the  lateral  contact  piece.  The  portion  that  be-^^^» 
comes  luminous  lies  between  I  and  J.     A  globe  isjJ^^J*^ 


Pm.  B3. — Archman'a  Solenoidil  Are-light  RcciiUlor.  Tbc  upper  car- 
bon was  fixed,  tbe  lower  carbon  being  nuinUined  in  iu  pocition  bf  the 
combined  influence  of  gravity  and  clectriMnaEnetiam. 

made  to  surround  the  carbons,  as  shown  in  the  right 
hand  side  of  the  figure. 

Before  leaving  this  chapter  on  "Some  Early  At- 
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tempts  at  Arc  Lighting,"  it  may  be  well  to  describe 
a  few  of  the  early  forms  of  lamps. 

One  of  the  simplest  of  these,  invented  1^  Arche- 

ju,^.      reau,  is  shown  in  Fig.  83.     Here  the  upper  carbon 

S^^tamiT"  was  fixed  and  the  lower  carbon  movable.     When  no 

current  was  passing,  the  lower  carbon  was  brought 

into  contact  with  the  upper  carbon  by  means  of  a 

weight,  which  more  than  balanced  the  weight  of 


Pia.  84. — Duboaeq't  Automatic  Arc-light  Regulitor.  The  carbona  were 
maintained  at  a  conMant  dtstaaee  apart  br  the  action  of  dockwark 
tfarawn  into  action  by  the  declro-macDe:  •bowo  at  the  bottom  of  the 

the  lower  carbon,  together  with  the  iron  core  on 
which  it  was  supported.  This  core  was  placed  in- 
side a  solenoidal  coil.  The  current  required  to 
maintain  the  arc  was  passed  through  the  coils  of 
the  solenoid,  and,  drawing  the  cure  within  the  coil, 
separated  the  two  carbons  and  started  the  arc  be- 
tween them.     On  the  cessation  of  the  current  the 
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weight  again  brought  the  two  carbons  into  contact. 
This  lamp  was  exceedingly  simple,  and  operated 
fairly  well  in  circuits  where  only  a  single  lamp  was 
employed. 

Duboscq's  regulator,  to  which  we  have  already 
alluded  in  OMmection  with  its  actual  use  in  the 
opera  of  "The  Prophet,"  is  shown  in  Fig.  84.  This 
lamp  contained  dockwork  for  the  movement  of  the 
carbons.  As  it  was  employed  in  the  focus  of  a 
reflector,  it  was  necessary  to  keep  the  position  of 
the  arc  fixed.  G)nsequently,  both  carbons  were 
fed  or  moved  toward  each  other,  the  movement  SSSISt'' 
imparted  to  the  positive  carbon  being  about  twice  '••™***^- 
as  great  as  that  imparted  to  the  n^^tive.  On 
the  passage  of  the  current,  an  electro-magnet 
placed  at  the  bottom  of  the  figure,  by  the  attraction 
of  its  armature^  released  a  detent,  and  permitted 
the  wheel-work  to  move  the  carbons,  under  the  in- 
fluence of  a  driving  spring  or  windii^,  the  hand-key 
for  windii^  the  spriog  of  which  is  shown  in  tbe 
figure  near  it. 
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CHAPTER   XI 


ARC-LIGHT  CIRCUITS  AND  SOME  MODERN  ARC  LAMPS 

"The  time  is  now  come,  when  activity  is  required  in  the 
matter  of  street  lighting.  It  has  been  pointed  out  over  and 
over  again  that  open  arc  lighting  is  too  brilliant;  the  demand 
is  for  mild,  well  diffused  light,  from  a  lamp  consuming  less 
energy  and  costing  less  money.  The  place  to  introduce  low 
energy  lamps  is  in  the  new  residential  districts,  in  all  the 
suburbs,  and  localities  where  previous  illumination  has  been 
by  gas  or  oil  lamps." — Arc  Lighting:  H.  W.  Hillman 


I 


N  arc  lighting,  as  now  generally  practiced,  a 
Series  I  numbcr  of  lamps  are  employed  in  the  circuit  of 
and^mui.     £     ^^  generating  d3mamos.  Although  these  lamps 

dKultt.^  can  be  arranged  in  various  ways  in  such  circuits, 
yet  there  are  practically  but  two  methods  generally 
employed ;  viz.,  series-arc  circuits,  and  multiple-arc 
circuits. 

In  series-arc-light  circuits,  the  separate  lamps  are 
so  placed,  in  the  circuit  of  the  generating  d3mamo, 
that  the  current  passes  successively  through  each 
•ro.\igtx  lamp,  as  shown  in  Fig.  85,  where  the  separate 
lamps,  I,  2,  3,  4,  5,  and  6,  are  so  connected  to  the 
djmamo  D,  that  the  current  first  passes  through 
lamp  I,  then  enters  lamp  2,  and  so  on,  successively, 
through  the  remaining  lamps,  until  it  leaves  lamp 
6,  and  returns  to  the  dynamo.  In  this  manner  the 
positive  carbon,  as  will  be  observed,  will  be  the 
upper  carbon  in  all  of  the  lamps. 

In  actual  practice,  arc-lamp  circuits  are  sometimes 
from  15  to  20  miles  in  length,  the  electric  current 


ARC'UQHT  CIBOUITB— MODERN  ARC  LAMPS 


167 


passing  successively  through  as  many  as  lOO  or 
more  separate  lamps.     Since  each  lamp  requires  £^  ST** 
a  pressure  of  45   volts,   a   total   pressure  of  atgg- 
least  4,500  volts  will  be  necessary  to  maintain  the*^*"^**^ 
arc  in  the  100  separate  lamps,  irrespective  of  the 
pressure  required  to  overccxne  the  resistance  of  the 
line  wire  in  the  circuit.     Of  course,  in  actual  prac- 
tice the  lamps  will  not  be  placed  near  together,  as 
shown  in  the  figure,  but  at  various  distances  apart. 


Fio.  85. — Circuit  of  Six  Arc  Lights  and  Dynamo  Connected  in  Series. 
Note  the  fact  that  the  connection  of  the  lamps  to  the  positive  and  nega- 
tive poles  of  the  .dynamo  D  is  such  as.  to  render  the  upper  carbons  posi- 
tive and  the  lower  eaibons  negative. 

as  required  to  produce  the  light  in  the  places  where 
it  is  desired.  In  a  multiple  or  parallel  connection 
of  arc  lamps,  as  shown  in  Fig.  86,  the  positive  ter-  JJ^JS^ 
minals  of  all  the  separate  lamps  are  connected  to  a^^^ 
single  positive  lead  or  conductor  AA,  and,  similarly, 
all  the  negative  terminals  are  connected  to  a  single 
negative  lead  or  conductor  BB. 

As  is  well  known,  the  current  in  series  circuits 
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is  of  a  constant  strength  in  all  parts  of  the  circuit. 
For  instance,  in  the  series  circuit  of  lOO  arc 
lamps  above  referred  to,  there  would  require  to  be 
maintained,  for  the  proper  operation  of  the  arc,  a 
current  of  a  constant  strength  of  about  lo  amperes 
in  all  parts  of  the  circuit.  In  a  multiple-connected 
circuit,  of  say  lOO  arc  lamps,  there  would  require 
to  be  maintained  a  constant  pressure  of  45  volts 
between  all  parts  of  the  positive  and  negative  mains ; 
and,  since  a  current  of  10  amperes  must  flow  through 
each  lamp  in  order  to  properly  maintain  it,  there 
would,  consequently,  be  required  a  total  current  of 
1,000  amperes  over  the  lines  or  conductors. 


£± 


B- 


B= 


Fig.  86. — Multiple  or  Parallel  Connection  of  Six  Arc  Lamps  to  Con- 
stant-potential  Mains.  The  lamp  connections  are  such  that  all  the  upper 
carbons  are  connected  to  the  positive  lead  AA,  and  all  the  negative  car- 
bons to  the  negative  lead  BB. 
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A  series-connected  circuit  is  sometimes  called  a 
constant-current  circuit,  because  the  strength  of  the 
current  is  maintained  the  same  in  all  parts  of  the 
circuit.  A  multiple-connected  circuit  is,  similarly, 
sometimes  called  a  constant-potential  circuit,  because, 
in  such  a  circuit,  the  pressure  or  difference  of  poten- 
tial is  maintained  constant.  It  will  be  noticed  that,  in 
the  constant-current  circuit,  when  additional  lamps 
are  introduced,  the  pressure  required  at  the  dynamo 
terminals  is  correspondingly  increased,  while  the 
current   strength   remains   constant.    On  the  con- 
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trary,  in  a  constant-potential  circuit,  for  every  addi- 
tional lamp  introduced,  an  increase  in  the  current 
strength  is  required,  while  the  difference  of  potential 
or  {M-essture  remains  constant 

» 

A  little  thought  will  show  that  the  amount  of 
energy  required  is  the  same  in  the  two  cases  above  £^i[£L 
cited,  in  which  lOO  arc  lamps  are  maintained  in|!^/^ 
a  constant-current  and  in  a  constant-potential  cir-^SnlnMAd 
cuit     For,  in  the  case  of  the  constant-current  cir-^SS££a 
cuit,  we  have  a  current  strength  of  lo  amperes,  Sl^fuf 
maintained  at  a  pressure  of  4,500  volts,  or  45»ooo 
watts,  or  45  K.W.     In  the  constant-potential  cir- 
cuit, we  also  have  a  pressure  of  45  volts  and  a  cur- 
rent of  1,000  amperes,  or,  again,  45,000  watts,  or 
45K:W. 

Although  the  amount  of  energy  is  the  same  in 
the  constant-current  circuit  'as  it  is  in  the  constant- 
potential  circuit,  yet,  with  the  same  loss  of  energy 
in  the  conductors,  the  weight  of  the  conductors  in  wdcht 
would  be  very  much  greater  in  the  case  of  the  coor  ton  in  Sm 
stant-potential  circuit  In  the  case  of  the  constant- correM 
potential  circuit,  a  current  strength  of  1,000  am- 
peres, at  a  pressure  of  45  volts,  is  employed,  while, 
in  the  constant-current  circuit,  a  current  strength 
of  only  10  amperes,  at  a  pressure  of  4,500  volts,  is 
employed.  The  advantages  of  small  current 
strength  and  high  pressure  are  all  in  favor  of  the 
constant-current  circuit,  and  permit  it  to  transmit 
the  same  amount  of  energy  at  no  greater  loss  than 
would  exist,  in  the  case  of  the  constant-potential 
circuit,  with  a  weight  of  conductor  several  thou- 
sand times  that  of  the  constant-current 

Another  way  of  looking  at  this  matter  will  tend 
to  make  clearer  some  of  the  advantages  of  the  oon- 
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stant-current   distribution  of   arc   lamps   over  the 
constant-potential  distribution.     Generally  speaking, 
the  economy  of  distribution  of  a  constant-current 
circuit  increases  with  every  additional  lamp  added 
to  the  circuit ;  for,  no  matter  how  many  lamps-  are 
employed,  the  current  strength  remains  the  same, 
each  additional  lamp  added  increasing  the  pressure 
required  at  the  djmamo  terminals.    On  the  contrary, 
in  the  constant-potential  distribution,  since  the  pres- 
sure at  the  d}mamo  terminals  remains  practically  con- 
stant,  every  additional  lamp  added  increases  the 
amount  of  current  the  conductors  are  obliged  to 
transmit.     So  far  as  the  weight  of  conductors,  there- 
fore, is  concerned,  the  greater  the  number  of  lamps  on 
a  constant-current  circuit  the  greater  will  be  the  pres- 
oSrrent*'    sure  at  which  the  energy  is  transmitted  from  the 
wnsunt-''  dynamo  to  the  lamps,  and,  consequently,  the  smaller, 
cSSitt.      proportionally,  will  be  the  weight  of  wire  or  con- 
ductors required  to  transmit  such  electric  energy. 
On  the  contrary,  in  the  constant-potential  circuit, 
each  additional  lamp  added  to  the  circuit,  increasing 
the  amount  of  current  that  flows,  tends  to  increase 
the  weight  of  the  conductors,  and  this  in  a  greater 
proportion  than  that  of  the  increase  of  the  current 
itself.     Consequently,  with  a  constant-current  cir- 
cuit, considered  as  a  means  for  the  sale,  by  a  central 
station,  of  the  electric  energy  required  to  maintain 
arc  lamps,  the  profits  will,  necessarily,  be  greater 
in  proportion  to  the  amount  of  business  done,  that 
is,  the  number  of  lights  supplied ;  while,  in  the  con- 
stant-potential circuit,  after  such  circuit  has  once 
been  installed,  the  percentage  of  profit  will  decrease 
rapidly  as  the  amount  of  business  increases,  a  prac- 
tically impossible  condition  for  carrying  on  a  large 
business. 

The  excessive  cost  of  such  conductor  would,  of 
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course,  not  permit  the  commercial  distribution  of 
arc  lamps  on  constant-potential  circuits,  where  the 
length  of  such  circuits  is  great.    There  frequently 
occur,  however,  circumstances,  such  as  in  the  densely  I^d^hy 
built  portions  of  large  cities,  where  a  great  number  ^^Sa 
of  arc  lamps  are  to  be  employed  within  compara- ^!^^^ 
tively  short  distances  from  the  centre  of  distribution,  i^Su- 
in  which  constant-potential  circuits  can  be  advanta-      ***"* 
geously  used.    Such,  too,  is  especially  the  case  in 
many  large  cities,  where  constant-potential  circuits 
are  already  employed  underground  for  the  distribu- 
tion of  incandescent  lamps.    Here  it  would  be  more 
economical  to  employ  a  part  of  the  current  for  the 
distribution  of  a  few  constant-potential  arc  lights, 
than  it  would  be  to  install  separate  series  distribution 
circuits,  when,  of  course,  the  pressure  employed  on 
the  constant-potential  mains  is  not  too  great,  say 
not  over  250  volts.     Moreover,  arc  lamps,  when 
placed  on  constant-potential  circuits,  possess  so  great 
an  advantage  in  some  respects  over  lamps  on  con- 
stant-series circuits,  that  the  former  may  sometimes 
be  preferred,  even  though  far  costlier  to  install. 

It  would  not  be  practicable  to  employ  a  lamp  with 
a  single  electro-magnet,  such,  for  example,  as  the 
Archereau  lamp,  where  several  such  lamps  are  con- 
nected in  series.     For,  should  one  of  such  lamps 
improperly  act,  as,  for  example,  by  sticking  and 
failing  to  cause  one  of  its  carbons  to  move  toward 
the  other  carbon,  an  increase  in  the  resistance  of 
the  entire  circuit  would  follow,  attended  by  a  de- 
crease in  the  current  strength.     All  the  other  lamps  ^  ^^^^ 
would   instantly  feed  their  carbons  so  as  to  en-2?^^p 
deavor  to  maintain  the  current  strength  constant ;  jjg^^^g** 
but,  as  soon  as  the  improperly  acting  lamp  did  feed,  ^*SSlS«d 
all  the  other  lamps  would  instantly  feed.     In  other  gj^J,^**^ 
words,  an    imperfect    action   of    any    single   lamp 
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would  cause  an  irregularity  in  all  the  remaining 
lamps  in  the  circuit,  their  arcs  alternately  increas- 
ing and  decreasing  in  length,  thus  producing  very 
disagreeaUe  irregularities  in  the  amount  of  the  light 
emitted. 

This  difficulty  is  entirely  obviated  in  arc  lamp 
regulators  in  which  two  sqparate  electro-magnets 
are  employed  to  maintain  the  distance  apart  between 
n^and   the  carbous.     We  have  already  alluded  to  the  great 
d^b^'*     invention  made  by  Lacassagne  and  Thiers  in  1885. 
^^H-   This  invention  may  be  regarded  as  constituting  an 
mShfj^    era  in  the  history  of  arc  lighting.     It  consisted  in 
are55^   ^^  employment  of  two  separate  electroncnagnets  in 
^*^'^      the  feeding  mechanism  of  the  lamp.     One  of  these 
magnets  was  placed  in  the  same  circuit  as  that  of 
the  arc,  and  is  now  generally  called  the  series,  or 
the  main-circuit  magnet.     The  other  magnet  was 
placed  in  a  shunt  or  derived  circuit  around  the  arc, 
and  is  generally  called  the  shunt  magnet    The  ar- 
rangement of  the  main  circuit  and  shunt  magnets 
in  an  arc-lamp  regulator  is  shown  diagrammatically 
in  Fig.  87,  where  the  series  magnet  M  is  placed  in 
series  with  the  arc  A,  and  the  shunt  magnet  S  is 
placed  in  a  shunt  or  derived  circuit  around  the  arc 
by  being  connected  with  the  circuit  between  the 
points  T^  and  T^.     The  series  magnet  M  is  wound 
with  a  few  turns  of  coarse  wire,  and,  therefore,  has 
a  small  resistance.     The  shunt  magnet  S  is  wound 
Current      with-many  turns  of  fine  wire,  and,  therefore,  has 
through     a  great  resistance,  sometimes  as  high  as  500  ohms 
Sum        and  over.     The  greater  proportion  of  the  current 
tow?^     will,  therefore,   flow  through  the  main  circuit  cm: 
*"*'*'       series  magnet  and  the  arc,  especially  when  the  car- 
bons are  in  contact.     When,  howeva-,  the  carbons 
are  gradually  consumed,  and  the  distance  between 
them  increases,  the  resistance  in  the  circuit  of  the 
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main-curr^t  magnet  M  increases,  and,  consequently, 
a  greater  proportion  of  current  flows  through  the 
coils  of  the  shunt  magnet  S. 

Although  a  great  variety  of  shunt-circuit  carbon 
arc  lamps  have  been  devised,  yet  they  practically  all  2S2!l  of 
operate  on  the  same  principle.    The  armature  org^»«<* 
core  of  th^  shunt  magnet  is  so  connected  with  the^^,^^^ 
lamp  mechanism  that  its  movement  toward  and<^^>>*- 
from  the  magnet  poles  tends  to  oppose  whatever 


Fig.  87. — ^Diagrammatic  representation  of  Series  and  Shunt  Magnets 
of  Arc  Lamp.  Note  that  as  the  resistance  in  the  circuit  of  the  series 
magnet  M  increases  by  the  consumption  of  the  carbons  increasing  the 
distance  between  them,  more  current  passes  through  the  shunt  magnet 
S»  thus  enabling  it  to  act  on  some  mechanism  that  permits  the  carbons 
to  come  together. 

action  is  performed  by  the  armature  or  core  of  the 
direct-current  magnet.  If,  for  example,  as  is  gen- 
erally the  case,  the  direct-current  magnet  acts  to 
separate  the  carbons,  the  shunt  magnet  acts  so  as 
to  bring  them  together.  Consequently,  under  the 
action  of  these  two  opposing  forces,  the  carbons 
can  be  maintained  at  a  constant  distance  apart,  and 
the  light  of  the  arc  is  thus  made  steady  and  reliable. 

Two  methods  of  feeding  the  carbons  are  em- 
ployed.   In  one  a  clutch  acts  directly  on  the  lamp- 
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rod;  in  the  other  it  acts  directly  on  the  carbon  it- 
self.    Among  other  advantages  possessed  by  the 
first  method  is  that  the  metallic  lamp-rod  permits 
iSSSig      ^f  21  better  contact  than  does  the  carbon  itself,  since 
?ail*Si     the  surface  resistance  of  the  carbon  is  often  very 
Siy*''*^  high.     Then,   again,  the  weight  of  the  lamp-rod 
renders  the  fall  of  the  carbon  more  certain.     On  the 
other  hand,  unless  the  rod  is  carefully  kept  clean 
and  polished,  its  surface  resistance  increases;  more- 
over, the  rod  can  be  easily  bent     But  the  principal 
objection  to  its  use  is  in  the  increase  in  the  length 
of  the  lamp.     On  the  other  hand,  one  of  the  prin- 
cipal objections  to  feeding  the  carbons  directly  arises 
frc«n  the  fact  that  the  carbons  are  comparatively 
light,  so  that  they  do  not  tend  to  fall  in  as  posi- 
tive a  manner  as  is  desirable.     In  order  to  avoid 
uffMuid    this  difficulty,  weights  are  sometimes  added.  An- 
uS^^"    other  objection  to  the  direct  feeding  of  the  carbon 
piS>toS^**is  the  difficulty  of  obtaining  efficient  electric  con- 
andou^ns  tact.     If  this  is  obtained  by  f rictional  contacts,  diffi- 
culties may  arise  from  the  liability  of  arcing  occur- 
ring, unless  the  contacts  are  kept  very  clean.    With 
direct  feeding  of  the  carbons  the  contact  is  gener- 
ally effected  by  means  of  flexible  cords. 

In  some  forms  of  shunt  arc  lamps,  the  solenoidal 

coils  of  the  direct  and  diunt  magnets  are  either 

provided  with  the  same  core,  or  the  armatures  of 

the  direct  and  shunt  magnets  are  connected  together 

arci^.    by    suitable    mechanism.     This    variety    of    shunt 

lamp  is  sometimes  called  the  differential  lamp.    For 

example,  in  the  old  form  of  the  Thomson-Houston 

lamp,  shown  in  Fig.  88,  the  series  and  shunt  mag- 

Ht^SS?"   nets  are  provided  with  conical-shaped  poles,  that 

arciunp.    ^^^^^  armaturcs  furnished  with  suitably  shaped 

openings  to  fit  over  these  poles.     These  armatures 

are  connected  together  by  being  supported  on  the 
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same  rocking  lever  ab,  pivoted  at  a.    A  clutch  dc, 
operated  l^  the  extension  &  of  the  working  lever,  ^I^S^ 
is  provided  at  one  of  its  ends  with  a  spring  c.    This  n^S^ 
clutch  is  so  connected  that,  when  the  armature  ofJU^uop. 
the  series  magnet  is  attracted  to  the  conical  magnet 


'Urap  Mecl 


pole,  the  clutch  catches  or  grasps  the  carbon.  When, 
however,  the  arc  becomes  too  long,  and  so  increases 
the  resistance  of  the  circuit,  the  greater  current  pass- 
ing through  the  shunt  magnet  causes  it  to  attract  its 
armature,  to  move  the  clutch  in  the  opposite  direc- 
tion, and  so  permit  the  positive  carbon  to  fall  or  feed 
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toward  the  negative  carbon.  The  dash  pot,  x,  a 
duhpot  cylindrical-shaped  vessel  filled  with  oil  or  water,  is 
iatAsp.  provided  to  prevent  too  sudden  movements  of  the 
carbons.  This  it  does  by  the  resistance  which  is 
offered  by  its  piston  to  rapid  movements  in  the 
cylinder.  In  all  forms  of  shunt  lamps  matters  are 
so  arranged  that,  when  the  carbons  are  separated 
the  particular  distance  that  will  produce  the  best 
results  in  the  steadiness  of  the  light,  the  opposing 
tendencies  of  the  series  and  shunt  magnets  will  just 
balance  each  other. 

Automatic  regulators  maintain  the  required  dis- 
tance between  the  carbons  far  more  promptly  and 
Automatic  closcly  than  would  be  possible  by  means  of  a  hand 
^ui^     regulator,  even  when  operated  by  the  most  expert 
"•f*********  hand;  for  the  electric  current  itself  is  capable  of 
judging  far  more  quickly  and  accurately  just  when 
the  carbons  need  adjustment;  i.e.  to  be  moved  to- 
ward or  frcwn  one  another,  than  would  be  possible 
for  an  attendant  to  judge.     Indeed,  a  well  regulated 
arc  lamp  will  so  promptly  feed  or  adjust  its  carbons 
that  it  is  often  impossible  for  one  to  determine  that 
any  feeding  is  taking  place. 

In   all   constant-current   arc-lamp   circuits   it   is 

necessary  to  employ  a  device  that  will  afford  a  con- 

tlSS^^  tinuous  path  for  the  current  past  any  lamp  that 

^S^Sd    might  either  fail  to  properly  feed,  or  whose  carbons 

arc  lamps,    j^^yg  \^een  Completely  consumed.     If  this  is  not 

done  in  arc-light  circuits  of  this  type,  where  many 

lamps  are  ccmnected,  an  arc  of  great  length  may  be 

drawn  between  the  faulty  carbons,  and  damage  to 

the  lamp,  if  not  to  surrounding  property,  might 

result     This  need  is  met  by  the  use  of  what  is  called 

an  automatic  cut-out  for  series-connected  lamps. 

Such  a  device,  as  shown  in  Fig.  89^  consists  of  an 
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eiectro-tnagnet  S,  wound  with  a  coil  of  fine  wire 
that  is  placed  in  shunt  around  the  carbon  electrodes. 
When,  from  any  cause,  the  resistance  of  the  arc 
becomes  too  great,  as,  for  example,  when  the  czx-^^SS^u 
bon  fails  to  feed,  the  current  strength  in  the  circuit 
increases  until,  by  the  attraction  of  the  armature  A 
of  the  cut-out  magnet  S,  a  spring  is  permitted  to 
automatically  close  a  short  circuit  at  A,  thus  cutting 
the  lamp  out  of  the  circuit,  and,  at  the  same  tim^ 


Fio.  89. — Circuit  Connections  of  Automatic  Cut-out  for  Arc  Lamp. 
Note  the  circuit  connections  whereby  the  cut-out  magnet  S  is  placed  in 
shunt  around  the  positive  and  negative  carbons. 


providing  a  path  through  which  the  current  can 
flow  on  to  the  other  lamps. 


When  arc  lamps  are  employed  on  constant-poten- 
tial mains,  where  the  pressure  is  say  1 10  volts,  it  is  ^^^ 
necessary  to  insert  two  lamps  in  series  in  the  nian-jjjj^jjf 
ner  shown  in  Fig.  90.     Lamps  employed  on  cpn-jjj^^Jj* 
stant-potential  mains  in  this  case  are  differential 
lamps,    and   are   provided   with   a   hand-operated 
switch,  which  introduces  the  lamps  into  the  circuit 
on  opening.     In  the  case  of  series-connected  lamps, 
a  similar  hand  switch  is  employed,  but  it  operates 

by  closing  the  circuit  past  the  lamp,  thus  practically 

Voi.n.- 


178 


ELECTRICITY  IN   EVEBT-DAT  LIFE 


cutting  it  out  of  the  circuit.     In  multiple-connected 
fSi^^or      ^^^  lamps  there  is  generally  provided  an  additional 
cSt^fSr  safety  device,  consisting  of  a  strip  of  some  readily 
SSSSSi   fusible  alloy,  such  as  lead,  which  has  a  sufficiently 
arc  lamps,  gj-g^^  ^rca  of  cross-scction  to  carry  the  current  gen- 
erally employed,  but  which  will  be  fused,  and  thus 
automatically  open  the  circuit,  on  the  passage  of  an 
unusually  strong  current.     Such  a  device  is  called  a 
fuse  wire  or  safety  switch. 

Where  the  constant-potential  mains  have  pres- 
sures of  250  volts,  4  arc  lamps  are  connected  in 
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Fig.    90. — Series    Connections   of   Two   Lamps   with    Constant-potential 

Mains. 


Necessity 
for  resis- 
tance in 
lamps  on 
constant- 
potential 
mains. 


series  across  them.  Where,  as  in  the  case  of 
street  railway  circuits,  500  volts  are  employed,  8 
or  9  separate  lamps  are  placed  in  series  across  the 
mains.  In  all  such  cases,  a  resistance  is  placed  in 
the  lamp  circuit.  Generally,  this  is  placed  in  the 
body  of  the  lamp,  though  sometimes  outside  of  it. 
In  all  cases  where  single  lamps  are  employed  on 
constant-potential  mains,  no  cut-out  is  necessary, 
^ince  either  when  the  carbons  are  entirely  con- 
sumed, or  when  they  cease  properly  to  feed,  the 
lamp  is  simply  cut  out  from  the  circuit. 


icrloraicd  thRimd  sr 


s  vb[cti  sirike  ibc  kcya 


ARC-UQUT   CIRCUITS^MODERN    AHV    LAMPS  179 

Carbon  arcs  are  sometimes  burned  in  the  open  air. 
Generally,  however,  they  have  a  globe  of  glass,  ineioaed 
open  either  at  the  top  or  bottom,  though  generally  *^  *■""*• 
at  the  top,  placed  around  them.  In  order  to  in- 
crease the  life  of  arc-light  carbons,  they  are,  under 
certain  circumstances,  enclosed  in  air-tight  globes. 
In  such  cases,  a  small  inner  globe,  formed  of  some 
refractory  glass,  is  made  to  surround  the  arc,  and  is 
itself  surrounded  on  the  outside  by  a  larger  glass 
globe.  Such  lamps  are  called  enclosed  arc  lamps. 
They  are  especially  suitable  for  constant-potential 
circuits.     The  inner  enclosing  globe  is  egg-shaped. 

After  the  arc  has  been  established  for  six  or 
ten  minutes  in  an  enclosed  arc  lamp,  the  inner  globe 
becomes  filled  with  carbon  monoxide  and  carbon  di- 
oxide.    This  has  the  effect  of  shortening  the  length 
of  the  arc,  and  permits  a  pressure  of  eighty  volts  some 
to  be  employed  without  increasing  the  length  of  the  mcb  of' 
arc  beyond  about  three-tenths  of  an  inch.     The  con- m«  umpt. 
sumption  of  the  carbons  is  greatly  decreased,  since 
no  burning  can  now  take  place,  all  the  oxygen  of 
the  air  having  been  combined  with  the  carbon,  either 
as  carbon  monoxide  or  carbon  dioxide.     The  length 
of  the  life  of  the  carbon  is,  therefore,  increased  to 
such  an  extent  that  ordinary  carbons  will  last  from 
60  to  125  hoars. 

Carbons  banting  in  enclosed  arc  lamps  do  not  as- 
sume such  a  difference  in  shape  as  those  burning  in 
the  open  air.  The  positive  carbon  takes  a  shape  very 
similar  to  that  of  the  negative  carbon,  and  is  much 
flatter,  as  shown  in  Fig.  91,  where  the  carbon  on 
the  left  hand  has  the  flattened  shape  characteristic 
of  the  enclosed  globe,  and  that  on  the  right  hand  a 
shape  characteristic  of  a  carbon  exposed  to  oxida- 
tion by  the  surrounding  air.     While  the  enclosed 
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lamp  requires  the  same  power  as  that  for  an  open 
lamp,  it  requires  nearly  twice  the  pressure  and 
but  half  the  current  strength.  The  light  fumi^ed 
t^  an  inclosed  lamp  is  steadier  than  that  of  the 
open  light.  Moreover,  the  distribution  of  the  light 
renders  it  more  suitable  for  out-of-door  lighting 
than  the  open  arc.  The  daylight  value  of  the  en- 
closed arc  can  be  made  to  more  closely  resemble 
that  of  ordinary  daylight  hy  employing  suitable 
colors  on  the  enclosing  globe  to  absorb  the  objec- 


tionable tints.  As  3  rule,  an  opalescent  globe  is 
preferably  employed  for  the  inner  globe,  but,  for 
photc^aphic  purposes,  a  clear  globe  is  employed. 

The  General  Electric  Company's  form  of  enclosed 
arc  lamps  for  multiple-connected  circuits,  is  shown 
g^J^  in  Fig.  92.  This  lamp  is  designed  for  circuits 
j^JJP^^"^  whose  pressures  vary  from  100  to  120  volts.  The 
mXpli.  3rc  voltage  is  arranged  for  a  pressure  of  80  volts 
diraiS*^  when  the  line  pressure  is  at  no  volts,  and  is  ar- 
ranged so  that  it  may  be  adjusted  for  a  somewhat 
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higher  voltage  when  the  line  pressure  is  from  115 
to  120  volts.     The  resistance  wire  is  wound  on  a 


Fio.  91. — General  Electric  CompuiT'i  Eacloifd  Ara  Lamp  lor  Cunnint- 
potential  Circuit*. 

Spirally  grooved  porcelain  drum.  An  adjusting  525E,„, 
clip  is  so  arranged  as  to  vary  the  value  of  the  re-  g^^ 
sistance  coil.     The  magnet  coils  are  provided  with^^»'» 


a 


means  wherd>y  the  length  of  the  magnedziog  cir- 
cuit  can  be  varied  in  c»der  to  suit  difEercnt  voltages. 
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The  inner  or  enclosing  globe  is  shown  in  the  central 
figure,  but  is  removed  in  the  figure  on  the  right. 
In  Fig.  93,  is  shown  the  resistance  coil,  adjusting 
clips,  magnet  coils,  and  armature  employed  in  this 
form  of  lamp. 

Another  form  of  enclosed  arc  lamp,  suitable  for 
use  on  multiple-connections  on  constant-potential 
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mains,  is  shown  in  Fig.  94,  and  is  known  as  the 
""kiSed""  Manhattan  enclosed  arc  lamp.  It  operates  with 
arc  lamp.  5  ampcres,  at  85  volts,  on  120  volt  circuits,  and  at 
80  volts  on  no  volt  circuits.  The  resistance  is 
wound  on  a  grooved  porcelain  cylinder,  placed  at 
the  top  of  the  lamp.  As  in  the  preceding  type  of 
lamp,  the  resistance  coil  is  so  iwranged  that  it  can 
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be  adjusted  for  circuits  whose  pressures  vary.  Both 
the  inner  globe  and  the  enclosing  outer  globe  are 
closed  at  the  bottom,  as  shown  in  Fig.  95.  The 
upper  carbon  employed  is  12  inches  in  length  and  a 
half  an  inch  in  diameter.  The  lower  carbon  is  five 
inches  in  length  and  a  half  an  inch  in  diameter.. 
With  a  5  ampere  current,  these  carbons  will  burn 
for  about  150  hours. 

A  more  satisfactory  distribution  of  the  light  from 
arc  lamps  can  be  obtained  by  employing  a  greater 
number  of  lamps,  each  of  which  produces  a  smaller 
amount  of  light,  but  requires  a  smaller  amount  of 
energy  to  operate  it.     Such  lamps  are  called  low- 


Low- 


iow- 


Fio.  95.— Inner  and  Outer  Globes  for  Manhattan  Endoaed  Arc  I«amp. 

energy  or  low-current  lamps.  Some  of  these  low- 
current  lamps  are  operated  with  a  current  as  small 
as  2^  amperes.  Although  satisfactory,  generally, 
for  street  lighting,  yet  when  a  high  voltage  is  em- 
ployed the  color  of  the  light  is  objectionable.  This 
difficulty  has  been  remedied  by  a  form  of  lamp,  con-  Jjjg; 
structed  by  the  General  Electric  Company,  called  the  g^* 
twin-carbon  lamp.  Here  two  pairs  of  series-con- 
nected carbons  are  simultaneously  separated,  so  that 
the  two  arcs  are  burning  at  the  same  time  within 
the  lamp  globe.  By  this  arrangement,  with  a  cur- 
rent oi  2}i  amperes,  a  total  pressure  of  160  volts, 
or  a  pressure  of  80  volts  between  the  terminals  of 
each  pair  of  carbons,  can  be  employed.  The  illu- 
mination produced  by  this  lamp  is  very  satisfactory. 
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and  the  daylight  color  of  its  light  approaches  closely 
to  that  of  sunlight.  The  General  Electric  Com- 
*  pany's  lamp  of  this  type  is  shown  in  Fig.  96.  As 
will  be  seen,  only  a  single  enclosii^  globe  is  em- 
ployed, as  shown  in  the  lamp  on  the  right-hand  side 
of  the  figure  This  globe,  however,  is  furnished 
with  a  porcelain  reflector,  placed  above  it,  as  shown 
at  the  left-hand  side  of  the  figure.  The  twin-carbon 
lamp  must  not  be  confounded  with  the  double-carbon 
lamp,  which  will  be  shortly  described,  where  two 
pairs  of  carbons  are  employed  in  the  lanip,  but  where 


FiC  9&— General  Electric  Companjr'i  Twin-carbon  Enclosed  Arc  Lamp. 

the  arc  is  only  established  between  one  pair  at  any 
one  time. 

The  advantages  possessed  by  various  forms  of 
arc  lamps  for  street  lighting  are  thus  discussed  by 
Professor  Ryan,  in  a  paper  entitled  "The  Relative 
Merits  of  Open  and  Enclosed  Arc  Lights  for  Street 
Illumination." 

"Again  returning  to  the  question  of  low-enei^ 
lamps,  cme  might  well  ask,  why  not  carry  the  argu- 
ments for  small  units  down  to  incandescent  lamps 
and  do  away  with  arcs  entirely?     This  might  be 
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quite  possible  were  it  not  that  one  of  the  essential 
requirements  of  good  lighting  is  that  the  buildings  ISH^ 
and  other  objects  on  the  street  be  illuminated  to  a^^lJ^SS* 
considerable  height  above  the  ground.    Arc  lights  £2JSi. 
fulfil  this  requirement  by  flooding  the  buildings  fiSt*  *^ 
with  light,  thus  producing  a  general  diffusion  which  "«'»*'^- 
gives  the  street  an  illuminated  appearance  which 
can  not  be  obtained  with  incandescent  lamps,  unless 
thqr  are  placed  very  high  and  at  such  short  inter- 
vals as  to  make  their  use  prohibitive  from  a  cost 
point  of  view;  further  than  this,  the  light  from 
incandescent  lamps,  in  common  with  all  other  com- 
parativdy  low  temperature  sources,  lacks  the  lumi- 
nosity or  brilliancy  obtainable  from  the  electric  arc. 

''The  incandescent  lamp  fills  a  very  useful  street 
lighting  field  of  its  own,  and  there  is  little  fear  of 
its  encroaching  upon  the  arc  where  light  of  consider- 
able volume  is  required. 

''In  general,  the  foregoing  can  be  briefly  summed 
up  in  five  conclusions. 

"ist.  Open  Arcs  give  a  higher  maximum  candle- 
power  than  enclosed  arcs  of  corresponding  wattage, 
but  the  maximum  candle-power  is  in  an  undesirable 
direction,  and  the  light  fluctuates  through  very  wide 
limits. 

"Enclosed  Arcs  give  a  higher  candle-power  through 
the  most  useful  angles  from  3°  to  10°  below  the 
horizontal.  The  light  from  the  enclosed  arc  is 
more  uniform  and  steadier,  and  generally  superior 
from  an  illuminating  point  of  view  to  the  open  arc. 

"2d.  DirectCurrent  Enclosed  Arcs  produce  slight- 
ly higher  candle-power  than  alternating  enclosed 
arcs  of  corresponding  wattage,  but  so  far  as  illumi- 
nating value  is  concerned,  the  two  lamps  are,  gen- 
erally speaking,  on  a  fair  basis  of  equality,  both 
being  superior  to  the  direct  current  open  arc. 

"3d.  Opal  Enclosing  and  Clear  Outer  Globes  will 
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light  relatively  further  than  any  other  oombination, 
and  clear  enclosing  globes  should  never  be  used  ex- 
cept for  photographic  purposes,  where  actinic  rays 
are  essential. 

''4th.  Small  Unit  Arcs  will  illuminate  proportion- 
ately greater  distances  than  large  units  for  a  given 
expenditure  of  energy. 

^^5th.  Incandescent  Lamps  do  not  illuminate  bril- 
liantly to  a  sufficient  height  above  the  street  surface 
to  produce  the  effect  of  good  lighting,  and  are 
therefore  not .  comparaUe  with  arc  lights." 


The  number  of  lamps  required  per  mile  for  pur- 
Number  of  poses  of  street  lighting  will  naturally  depend  on  a 

arc* 
ton 


*'*-^*    variety  of  circumstances,  such,  for  example,  as  the 
i^hun^    distance  between  cross  streets,  length  of  the  blocks, 


etc.;  yet,  generally,  for  such  purposes,  it  may  be 
said  that  a  far  better  general  illumination  is  ob- 
tained by  means  of  a  number  of  smaller  units  of 
light,  and  with,  moreover,  a  higher  economy. 
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CHAPTER   XII 

ARC-UGHT    CARBONS    AND    ALL-NIGHT    ARC    LAMPS 

"When  night 
Darkens  the  streets." 

— Paradise  Lost,  Book  I,  Line  498 

PIECES  of  charcoal  or  short  rods  of  gas-retort 
carbons,  although  answering  very  well  for 
the  production  of  electric  light  for  lectures, 
or  for  use  for  a  few  hours  only,  are  unsuited  iorf^^SS&a 
use  during  an  entire  night.  They  are  still  morcfi^^ 
unsuited  for  such  cases  as  lighting  the  inside  of**"^' 
rooms  which  are  dark  even  during  times  of  bright 
sunlight,  and  where,  as  a  consequence,  even  more 
prolonged  running  is  necessary.  Even  if  it  had 
been  possible  to  obtain  such  carbons  in  sufficiently 
great  lengths,  it  would  have  been  difficult  to  supply 
the  great  demand  that  soon  arose  from  the  won- 
derful increase  in  the  number  of  arc  lamps  em- 
ployed in  different  parts  of  the  world.  Fortunately 
for  the  art,  artificial  carbons  can  be  made  of  far 
better  quality  and  greater  length  than  is  possible 
from  either  of  the  before-mentioned  sources. 

Some  idea  of  the  enormous  use  of  arc-light  car-  Bnormout 
bons  may  be  gained  from  the  fact  that  in  the  United  ^ot 
States  census  returns  a  production  is  recorded  of^bm! 
nearly  173,000,000  carbons  for  arc  lamps  during 
the  year  1900.     Taking  the  length  of  the  average 
carbon  at  twelve  inches,  this  would  be  equivalent, 
in  round  numbers,  to  32,750  miles  of  carbon  rods 
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placed  end  to  end,  an  amount  sufficient  to  reach 
about  one  and  one-third  times  around  the  earth  at 
the  equator.  The  above  would  certainly  have  been 
much  larger  were  it  not  for  the  fact  that,  by  the  use 
of  enclosed  carbon-arc  lamps,  renewals  are  required 
but  once  in  every  hundred  hours,  whereas,  with  xhe 
open-arc  type,  such  renewals  would  have  been  re- 
quired each  twenty-four  hours. 

As  we  have  already  seen,  Bunsen  was  the  first  to 
How  the    manufacture  artificial  carbons  for  the  carbon  plates 
t^^tSg  oi  his  voltaic  cell.     In  order  to  improve  the  con- 
Jrtfidj?    ducting  power  of  such  carbons  by  increasing  their 
^S^     density,  Bunsen,  after  baking  his  carbons,  dipped 
'»^'-^-  them  in  a  strong  solution  of  sugar  and  water,  and 
then  again  baked  them.     In  this  way,  the  carbon 
deposited  in  the  porous  mass  increased  its  density, 
and,  consequently,  increased  its  conducting  power. 
At  the  same  time,  the  exposure  of  the  carbon  to  a 
high  temperature  for  a  prolonged  period  also  in- 
creased its  density  and  consequently  its  conducting 
power. 

In   1846,   Staite  and  Edwards,  who  had  made 
staiteand  numerous  improvements  in  arc  lamps,  invented  a 
frtiSS**  variety  of  artificial  carbons  somewhat  similar  to 
carbons.     t^Qge  of  Bunscn,  which,  however,  were  intended 
directly  for  the  purposes  of  artificial  carbons  em- 
ployed in  their  arc  lamps. 

Many  inventions  were  made  in  the  direction  of 
artificial  carbons  for  arc  lights  between  the  years 
laajue-  1846  and  1852.  Thesc  different  inventions  were 
a^dai  directed  mainly  to  increasing  the  purity  of  the  car- 
bon and  thus  improving  its  conducting  power,  and 
to  increasing  the  length  of  time  that  the  carbon 
could  be  employed  for  the  production  of  the  arc 


carbons. 
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light.  Jacquelain,  a  Frenchman,  especially  im- 
proved the  quality  of  the  artificial  arc-light  car- 
bons. But  the  improvement  in  these  various  direc- 
tions that  was  of  the  greatest  value  to  the  art  of 
arc  lighting  was  that  of  Archereau,  another  French-  AiciwKMi't 
man,  who  made  a  better  variety  of  carbon  rods!!^^* 
and  plates  by  forming  the  material  into  a  pasty 
mass,  consisting  of  various  pulverized  carbons 
mixed  with  carbonizable  liquids.  It  was  Archereau 
who  first  formed  such  pasty  masses  into  the  desired 
shapes  by  forcing  them  through  a  suitably  shaped 
aperture  by  pressure  obtained  from  a  hydraulic 
press.  Carre,  another  Frenchman,  still  further  im- 
proved this  process.  He  employed  the  following  cwr^ 
mixtures  for  his  carbons;  viz.,  15  parts  of  purer"**^**^ 
coke,  5  parts  of  calcined  lampUadc,  both  reduced 
to  the  shape  of  very  fine  powder  and  mixed  widi 
a  syrup  .containing  from  7  to  8  parts  of  sugar,  to 
which  a  little  gum  was  added.  This  mixture  was 
made  into  the  required  consistenqr  with  water,  after 
which  it  was  forced  through  suitable  draw-plates 
by  hydraulic  pressure.  In  order  to  permit  the  em- 
ployment of  a  stiffer  paste  with  a  smaller  quantity 
of  water,  die  substance  was  heated  prior  to  being 
placed  in  the  press.  As  the  rods  of  the  artificial 
carbons  came  out  of  the  press  they  were  received  ug 
on  grooved  tables  covered  with  charcoal  dust,  and 
were  then  placed  in  a  furnace,  where  they  were 
heated  to  a  full  red  heat  for  a  period  of  about  five 
hours.  On  their  withdrawal  from  the  furnace  they 
were  again  dipped  into  a  syrup  of  boiling  sugar 
and  reheated,  for  the  purpose  of  increasing  their 
density  and  lengdi  of  life. 

In  order  to  still  further  increase  the  density  of 
artificial  carbons  and  so  prolong  their  life,  Napoli, 
another  Frenchman,  conceived  the  idea  of  placing 
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the  artificial  carbons  in  a  vacuous  chamber  after 

pr^SS*oi   they  had  been  fully  carbonized.    When  the  carbons 

toiS^f  were  placed  in  this  vessel,  before  the  vacuum  was 

w^t     applied,  the  carbons  were  heated  for  the  purpose 

of  expelling  all  their  absorbed  gases.     They  were 

then  surrounded  by  a  solution  of  boiling  syrup,  and 

subjected  to  a  strong  steam  pressure,  for  the  purpose 

of  driving  the  sugar  solution  throughout  aJI  parts 

of  their  mass.     On  removal  from  this  vessel,  the 

carbons  were  again  exposed  to  a  prolonged  high 

temperature  while  out  of  contact  with  the  air.     In 

this  way,  the  quality  of  the  carbons  was  greatly 

improved,  and  their  length  of  life  increased. 

The  method  employed  in  this  country  for  the 
manufacture  of  arc-light  carbons  differs  somewhat 
from  any  of  the  before-described  methods,  although, 
in  general,  the  processes  are  somewhat  similar.  Vari- 
ous carbonaceous  materials,  such  as  coke,  especially 
e^Dkiyed    pctrolcum  cokc,  lampblack,  etc.,  are  crushed  and 
manttfiS'  placcd  iu  rctorts,  where  they  are  exposed  to  a  high 
artifiSai     temperature  for  periods  varying  from   lo  to  50 
^  °'*     hours,  according  to  the  character  of  the  carbons 
required.     This  prolonged  heating  improves  the 
purity  of  the  carbons,  and  increases  their  conduc- 
tivity.    The  carbon  is  next  ground  into  a  fine  pow- 
der and  bolted,  this  process  producing  a  fine  carbon 
flour.     The  flour  is  then  placed  in  mixing  kettles, 
•where  it  is  mixed  with  a  binding  material  consist- 
ing of  crushed  pitch.     These  kettles  are  kept  hot 
so  as  to  facilitate  the  mixing.     After  this  mixture 
carbonif-  has  bccn  thoroughly  effected,  the  material  is  cooled, 
crushed,  gfround  and  bolted,  so  that  a  carbonizable 
flour  is  obtained. 

From  this  point  on,  the  character  of  the  process 
depends  on  the  kind  of  carbon  that  is  to  be  ob- 
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tainecL  As  manu&cttired  to-day,  artificial  carbons 
htkmg  to  two  classes;  viz.,  they  are  molded  or 
they  are  squirted.  In  molded  carbons  the  car- 
bonizaUe  flour  is  placed  in  a  steel  mold  and  the 
cover  then  placed  over  it  The  mold  is  then  slowly 
heated  in  an  oven  until  the  mixture  becomes  pasty,  MoMcd 
when  the  mold  is  taken  from  the  oven  and  fdaced  ^teJ!?' 
under  a  powerful  hydraulic  press,  where  it  is  sub- 
jected to  a  pressure  of  from  loo  to  400  tons.  When 
forced  or  squirted  carbons  are  manufactured  the 
process  is  as  follows :  The  carbonizable  paste,  made 
from  the  carbonizable  flour  by  heating,  is  forced 
through  a  draw-plate  of  the  proper  proportions  by 
the  action  of  a  hydraulic  press.  As  the  carbons 
issue  from  the  press  they  are  received  on  a  table 
and  cut  into  the  proper  lengths.  Cored  carbons  are 
formed  by  forcing  the  mass  through  an  aperture  ^iteLt. 
shaped  so  as  to  leave  a  cylindrical  opening  one- 
eighth  of  an  inch  in  diameter  throughout  the  entire 
carbon.     This  hole  is  then  filled  with  softer  carbon. 

Both  in  the  case  of  molded  and  squirted  carbons, 
after  the  former  have  been  removed  from  the  mold, 
and  after  the  latter  have  been  received  from  the 
hydraulic  press,  they  are  subjected  to  the  action  of 
prolonged  heat,  by  means  of  which  the  volatile  mat- 
ter they  contain  is  driven  off,  and  the  carbonizable 
matter  decomposed,  and  its  carbon  deposited  within 
the  pores  of  the  mass.  This  heating  requires  to  be 
carried  on  slowly,  to  prevent  the  warping  of  the^^f^ 
carbons.  The  carbons  are  placed  in  a  furnace,  ScUon  of^ 
where  they  are  covered  with  several  layers  of  sand,  *"* 
so  as  to  prevent  access  of  air.  They  are  then  ex- 
posed to  the  action  of  a  high  heat  for  a  period  that, 
in  some  cases,  extends  to  several  wedcs.  In  this 
way,  carbons  of  remarkable  purity,  uniformity,  con- 
ducting power,  and  long  life  are  obtained. 
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In  order  to  still  further  improve  the  conductivity 
of  carbons,  they  are  sometimes  covered  on  the  out- 
side with  a  coating  of  copper,  deposited  on  the 
surface  by  electro-plating.  This  copper  coating  has 
the  effect  o£  preventing  the  carbons  from  burning 
too  rapidly  during  their  exposure  to  the  air.  The 
value  of  the  coating  in  this  respect  may  be  ju(%ed 


from  the  fact  that,  while  12  inches  of  ordinary  ^ 
carbon  will  last  10  hours  in  the  ordinary  10  am- 
pere, 45  volt  lamp,  when  no  electro-plating  is  on 
it,  it  will  last  for  14  hours,  under  the  same  con- 
ditions, when  electro-plated.  As  a  rule,  only  the 
carbons  that  are  employed  in  open  globes  are 
electro-plated.  Cored  carbons  are  seldom,  if  ever, 
BO  protected. 
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The  general  appearance  of  a  solid  carbon  protected 
by  a  o^per  plating,  and  a  cored  carbon  not  so  pro-  ^^*^ 
tected,  is  seen  in  Fig.  97,  the  solid  copper-coated  car-  ^^^^'^ 
bon  being  shown  at  the  left-hand  side  and  the  cored 
carbon  at  the  right-hand  side  of  the  figure. 

But  no  matter  how  great  the  care  that  had  been 
taken  in  order  to  increase  the  life  of  the  carbons, 
they  were  not  foui|d»  when  burned  in  the  open  air, 
to  last  for  the  nine  hours  or  longer  during  which 
they  must  continue  to  bum  through  the  long  winter 
nights  in  high  latitudes.  It  is  true  that  an  increase  lodmt 
in  the  lifetime  of  a  carbon  can  be  obtained  by  in-^*!^ 
creasing  the  length  of  the  carbon  rod,  and,  where  for?M^- 
arc  lamps  are  employed  for  outside  illumination,  umSpc' 
such  an  increase  in  the  length  of  the  carbon  rod  is 
possible,  yet,  if  this  increase  were  carried  too  far, 
the  length  of  the  lamp  would  become  unwieldy, 
where  the  lamp  rod  was  employed,  since  the  length 
of  such  lamp  rod  would  necessarily  be  as  long  as 
that  of  the  carbon  itself,  as  will  be  seen  in  an  old 
form  of  lamp  shown  in  Fig.  98,  where  the  tall  tube 
C,  attached  to  the  top  of  the  lamp,  receives  the  car- 
bon rod.  This  type  of  lamp,  however,  is  now  gen- 
erally replaced  by  lamps  in  which  the  feeding  is 
effected  by  means  of  a  clamp  that  surrounds  the 
carbon  rod  directly,  thus  doing  away  with  the  lamp 
rod,  and  materially  shortening  the  length  of  the 
lamp.  This  last  feature  is  especially  desirable  for 
inside  illumination  of  rooms,  where  the  ceilings  are 
comparatively  low. 

Means  were  required,  therefore,  in  these  early 
days  in  the  art,  for  devising  some  form  of  arc  lamp 
whose  carbons  would  last  for  a  period  of  nine  hours 
and  over,  or,  as  they  were  generally  called,  some 
form  of  all-night  arc  lamp. 


Wrigbt'i 
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One  of  the  earliest  forms  of  all-night  lamps  was 
that  devised  by  an  Englishman,  named  Wright, 


who  took  out  a  patent  in  England  for  "A  method 
of  producing  a  permanent  light  by  continually  pre- 
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seating  one  or  more  fresh  points  or  surfaces  of 
carbon  or  other  suitable  material  to  the  path  of  the wnghts 
electric  current."     For  this  purpose,  Wright  em- |;;j^{,"'° 
ployed  two  separate  rotating  carbon  disks,  placed  at  SSI^S* 
right  angles  to  each  other.     The  rotation  of  the '*'*''*■ 
disks  was  obtained  by  means  of  wheelwork,  driven 


Fto.  09. — Harrison's  All-nigbt  Cailion  Arc  Lamp.  Note  the  formation 
ol  the  arc  between  the  end  of  the  carbon  rod  and  the  disk  acainst  the 
surface  of  which  it  rcits  when  no  current  is  passing. 

by  a  spring  or  other  prime  mover.  Matters  were 
so  arranged  that  the  disks  were  first  brought  into 
contact,  and  afterward  slowly  separated,  thus  strik- 
ing the  arc  between  them. 

Wright's  all-night  lamp  was  modified  by  another 
Englishman    named    Harrison,    who   took    out    a 
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patent  for  it  in  England,  in  1857.  The  general 
SKSJ"*  drtails  of  Harrison's  all-night  lamp  will  be  under- 
dbkSmp.  stQQ(j  from  an  examination  of  Fig.  99.  Here  only 
a  single  disk  is  employed,  the  upper  carbcra  con- 
sisting of  a  heavy  cylindrical  carbon  rod.  The 
arc  is  struck  by  means  of  an  electro-magnet,  shown 
in  the_  lower  part  of  the  figure,  the  attraction  of 
whose  armature  raises  the  upper  carbon  by  means 
of  a  cord  passing  over  puU^s,  as  shown. 


Fio.  100. — Wallace'*  All-night  Rectangular  Caiboa  Plate  Arc  Lamp. 
Note  the  fact  that  tbe  >rc  is  otabliihed  at  the  point  between  the  two 
plate*,  where  tlie  carbona  are  ntaiett  tocether. 

Another  form  of  all-night  carbon  arc  lamp  de- 
waiiace't  vised  by  an  American  named  Wallace,  is  shown 
^^^  in  Fig.  ICO.  Here  two  rectangular  plates  of  carbon 
are  placed  parallel,  one  vertically  over  the  other. 
The  lower  plate  is  fixed,  and  the  upper  plate  mov- 
able, being  supported  by  the  armature  of  an  electro- 
magnet inclosed  in  the  box  A,  at  the  top  of  the 
lamp.  As  in  the  ordinary  arc  lamp,  when  the  cur- 
rent is  not  passing  the  two  carbons  touch.  As  socm 
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as  the  current  passes,  the  movement  of  the  armature 
of  the  electro-magnet  raises  the  upper  carbon  and 
establishes  the  arc  between  the  two  plates.  Since 
such  plates  are  never  exactly  parallel,  the  arc  is 
started  between  them  through  the  path  of  least  elec- 
tric resistance.  As  soon  as  the  carbon  at  this  part 
is  consumed,  the  arc  moves  to  another  place,  in 
this  way  travelling  along  between  the  two  plates. 
Should  the  distance  between  the  carbons  become 


too  great,  the  upper  carbon  is  fed  toward  the  lower 
carbon,  as  in  the  case  of  the  ordinary  lamp.  The 
carbons  of  this  lamp  would  last  for  about  one  hun- 
dred hours.  Although  this  regulator  is  extremely 
simple,  yet  the  light  it  produces  is  unsatisfactory, 
on  account  of  the  constant  travelling  of  the  arc. 

A  form  of  lamp  similar  to  the  preceding  is  shown  PHnn'i 
in  Fig.  101,  and  is  called  the  Pilsen  lamp,  after  the  SSSSii 
name  of  its  inventcn*.    As  in  the  Wallace  lamp,  two 
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carbon  plates  are  employed,  thou|^  of  smaller  width. 
The  upper  carbon  is  movable,  being  attached  to  the 
core  of  the  solenoidal  coil  S.  Like  the  Wallace 
lamp,  the  light  produced  is  irr^^lar,  due  to  the 
travelling  of  the  arc. 

The  prcAlem  of  producing  a  satisfactory  all-night 

l^b^     carbon  arc  lamp  was  finally  served  by  the  employ- 

™  "*""*    ment  of  the  double-carbon  lamp.  Here  there  are  two 

separate  pairs  of  carbons.     The  series  and  shunt 


Fic  102.— Briub'i  DsuUe  Cubon  AU-nJglit  Lunp. 

magnets,  that  control  the  carbons,  are  so  arranged 
that,  on  the  passage  of  the  current,  only  one  pair  is 
sqKirated:  In  other  words,  the  arc  is  only  formed  be- 
tween one  pair,  the  other  pair  remaining  at  too  great 
a  distance  apart  to  have  the  arc  established  between 
them.  As  soon  as  the  pair  of  carbons  that  are  main- 
taining the  arc  are  consumed,  the  current  is  auto- 
matically switched  over  to  the  other  pair.  A  double- 
carbon  lamp  of  the  Brush  type  is  shown  in  Fig.  I02, 
at  the  lower  part  of  the  figure.     In  ardet  tJiat  only 
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a  single  pair  of  the  carbons  shall  be  able  to  main- 
tain the  arc  between  them  at  any  one  time,  theSS^Sbte. 
double  ring  clamp  or  clutch  K,  shown  at  the  topScSlpw 
of  the  figure,  has  one  pair  of  jaws,  that  is,  those 
connected  with  the  clamp  W^,  wider  than  the 
other  at  W*.  Consequently,  on  the  attraction  of  the 
lifting  magnet,  the  clutch  W^,  connected  with  the 
wider  jaws,  is  first  lifted,  and  thus  separates  its 
carbons  higher  than  the  other,  so  that  the  arc  is  first 
established  between  the  carbons  connected  with  W^ ; 
for,  although  both  rods  are  lifted  at  each  movement 
of  the  armature,  yet  the  distance  between  the  car- 
bons connected  with  W^  is  too  great  to  permit  the 
arc  to  form  between  them.  When,  however,  the 
carbons  connected  with  W^  are  consumed,  so  that 
the  distance  between  them  becomes  too  great  for 
the  arc  to  be  continued,  then  the  other  pair  is 
brought  into  action,  and  so  remain  until  consumed. 

The  double-carbon  arc  lamp  is  generally  employed 
on  series-connected  open-globe  lamps.  Its  mechan- 
ism is  simple,  and  its  operation  satisfactory.  For  arc  lamp 
indoor  lighting,  where  multiple-connected  enclosed  ^  •u-nifii» 
arc  lamps  are  now  generally  employed,  the  great  in- 
crease in  the  length  of  life  of  the  carbons  has  prac- 
tically solved  the  problem  of  the  all-night  arc  lamp, 
since,  in  this  way,  lamps  can  be  readily  obtained 
which  will  not  need  recarbonino*  for  periods  as  great 
as  say  150  hours. 
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CHAPTER   XIII 


ALTERNATING-CURRENT    LAMPS 

"It  is  clearly  shown  that  the  alternating -current  arc  is  a 
sequence  of  direct -current  arcs,  alternating  in  polarity,  and 
that  each  wave  of  current  produces  very  clearly  and  distinctly 
all  the  attributes  of  the  direct-current  arc  The  hot  positive 
carbon  with  its  white  hot  crater,  from  which  extends  the  fan- 
shaped  blue  light  of  the  arc  to  the  small  white  tip  of  the 
colder  negative  carbon,  will  be  seen  to  die  away,  and  all 
light  goes  out  except  the  glow  of  the  red-hot  carbons,  and 
then  light  appears  again  with  the  current  reversed." — Alter- 
noting  Arc  Lamps:  Puffbr 

HE  advantages  possessed  by  alternating  elec- 
tric currents  for  high-tension  transmission 
render  arc  lamps  by  means  of  alternating- 
electric  currents  very  advantageous  in  many  respects. 
ugJ"*f  Where  the  lamps  are  scattered,  and  are  situated  at 
d^ri^^^.  comparatively  great  distances  from  the  centre  of  dis- 
Si^ficiafu-  tribution,  alternating  currents  can  be  transmitted 
lumination.  ^^^  ^j^^  couductiug  lincs  at  high  pressures,  and 

transformed  to  lower  pressures  by  means  of  step- 
down  transformers  inserted  between  the  line  circuits 
and  the  lamps. 

Alternating-current  arc  lamps  are  employed  both 

on  constant-current  and  on  constant-potential  cir- 

Aiternating  cuits.     Siuce,  iu  suclj  lamps,  the  lower  carbon  is  con- 

dcciric 

lamps  for  sumcd  nearly  as  rapidly  as  the  upper  carbon,  when 
S??entand  such  lamps  are  furnished  with  enclosed  globes  the 
p2?2n^"  globes  are  required  to  be  of  comparatively  great 
^^^^  length,  so  as  to  permit  the  use  of  a  long  negative 
carbon.      This  is  necessary,  since  the  time  during 
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which  the  lamp  can  be  maiatained  without  recarbon- 
ing  will  depend  on  the  l»igth  of  the  negative  carbon. 
With  six  inches  in  length  of  n^;ative  carbon  on  ^i 
alternating-current  endosed  arc  lamp,  this  carbon 
will  last,  with  the  pressures  ordinarily  «nployed,  for 
a  period  of  from  aghty  to  one  hundred  hours. 

For  enclosed  arc  lamps,  operated  in  series  on  al-  coaKub 
temating-current  circuits,  a  constant-current  trans- SJil^' 
former  is  necessary,  so  that  the  current  strength  of '"™"' 


the  circuit  shall  be  maintained  constant,  no  matter 
how  many  lamps  may  be  cut  out  or  cut  into  the  cir- 
cuit, up  to  the  full  load.  This  transformer  is  situ- 
ated in  the  central  station  and  is  so  arranged  that  it 
automatically  adjusts  the  distance  between  its  pri- 
mary and  secondary  coils,  so  as  to  maintain  a  con- 
stant current,  notwithstanding  variation  in  the  num- 
ber of  lamps  in  operation. 

A  omstant-current  transformer,  of  the  General 
Electric  Qmipany's  type,  is  shown  in  Fig.  103.  Here 
Vol.  n.— 10 
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the  primary  and  secondary  coils  consist  of  flat  coils 
placed  around  a  laminated  core,  of  the  double  mag- 
netic circuit  t3rpe.  This  circuit  is  provided,  as  shown, 
§S53c     with  three  vertical  limbs.    Where  the  transformer  is 
SSuS?**  intended  to  supply  current  for  f rcMn  twenty-five  t» 
u!S.°*      thirty-five  lamps,  the  primary  and  secondary  coils  are 
former,      placed,  respectively,  at  the  bottom  and  top  of  tiie 
transformer.     One  of  these  coils,  generally  the  lower 
or  the  primary,  is  fixed,  while  the  other  is  balanced 
so  as  to  be  capable  of  readily  moving  toward  or  from 
the  lower  coil.     This  is  accomplished  by  the  employ- 
ment of  a  counter-weight,  so  adjusted  that  it  will  ex- 
actly balance  the  movable  coil  when  the  repulsion, 
which  will  take  place  between  the  coils  as  soon  as 
currents  are  passing  through  the  primary  and  sec- 
ondary, is  taken  into  account.     Any  increase  in  the 
strength  of  such  current,  caused  by  cutting  out  the 
lights  on  the  circuit,  is  prevented  from  taking  place 
by  the  movable  coil  being  repelled  from  the  station- 
ary coil,  on  account  of  the  mutual  repulsion  existing 
between  them.     This  moves  the  secondary  over  the 
tS^SS^  primary,  and  so  decreases  the  amount  of  fltix  passing 
SSnSI?"'  through  it,  and,  hence,  the  amount  of  voltage  it  pro- 
duces.    On  the  contrary,  any  decrease  in  the  current 
strength,  which  would  tend  to  be  caused  by  an  in- 
crease in  the  number  of  lamps  in  the  circuit,  will  be 
prevented  by  the  counter-weight  moving  the  second- 
ary coil  nearer  to  the  primary,  and  so  permitting  the 
secondary  to  produce  a  greater  voltage  by  reason  of 
the  greater  amount  of  flux  passing  through  it.     In 
constant-current  transformers,  intended  to  supply  a 
great  number  of  lamps,  two  primary  and  two  sec- 
ondary coils  are  employed.     In  such  cases  the  pri- 
mary coils  are  placed  at  the  top  and  bottom  of  the 
•  transformer,  and  the  two  movable  secondaries  are 
so  balanced  as  to  be  able  to  move  readily  toward  or 
from  the  primaries.      Another  view  of  a  General 
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Electric  Company's  coastant-oirrefit  transfonner, 
with  the  counter-wdght  in  position,  is  shown  in 
Fig.  104. 

It  might  be  supposed  that  altemating-anrent  dec- 
tro-magnets  would  be  impracticable,  since  the  polar- 
ity is  changed  with  every  change  in  the  direction  of  SlUST""'' 
Ae  current.     In  point  of  fact,  however,  when  an  t^^^ 
alternating  electric  current  is  sent  through  a  mag- 
netizing coil,  there  will  be  produced  a  continuous 


Fis.    104. — Another    View    of    General    Electric    Companr'l    Conitant- 


attraction  of  the  armature.  It  is  for  this  reason  that 
alternating-current  magnets  can  be  employed  for  the 
regulation  of  arc  lamps.  When  sach  magnets  are 
provided  with  cores,  it  is,  of  course,  necessary  that 
these  be  thoroughly  laminated,  in  ordo-  to  prevent 
the  setting  up  of  eddy  currents.  When  a  solenoidal 
coil  is  employed  with  a  thoroughly  laminated  core,  it 
is  found  that  such  a  core  possesses  the  valuable  prop- 
erty of  being  attracted  with  greato*  force  when  the 
core  is  projecting  outside  the  solenoidal  coiL 

A  General  Electric  Company's  series  alternating- 
current  arc  lamp  is  shown  in  Fig.  105.     Since  this 
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lamp  is  intended  for  use  on  a  series  circuit,  it  must 
ccmtain  both  a  series  and  a  shunt  magnet.  It  oper- 
ates on  the  differential  principle,  already  explained 
in  connection  with  direct-current  series-connected 
lamps.  In  this  lamp  the  cores  of  the  magnets  are 
laminated,  in  order  to  avoid  loss  by  eddy  currents.  A 
starting  resistance  is  provided  as  in  all  alternating 
series  lamps.  A  mechanical  cut-out  is  provided  in 
case  of  accidents  to  the  carbons  or  on  opening  the 


Fio.    1115. — Genenl    Eledrie    Companr's    Alttni«ttiig<urTent    I^mp    (or 

Series   Circuits. 

circuit  of  any  lamp.  This  cut-out,  as  seen  in  the 

_--,     figure,  is  attached  to  a  hanger  bar,  which  is  in- 

Eieettk      sulated,  SO  as  to  stand  the  test  of  a  constant  pressure 

attermt.     of  40,ooo  volts.    The  hanger  bar  is  capable  of  hoM- 

^nJlSd'  '"S  ^  weight  of  700  lb.,  a  wide  margin  of  safety, 

arc  lamp,    since  the  weight  of  the  lamp  itself  is  only  30  lb.    A 

series  alternating-current  lamp,  provided  with  its 

outer  globe  and  a  reflecting  shade,  and  suspended 

to  the  line  circuit,  is  shown  in  Fig.  106.     The  box  at 
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the  top  of  the  figure  is  provided  with  a  mechanical 
switch  for  placing  the  lamp  in  or  removing  it  from 
the  circuit 

Series-ccMinected   alternating-current   arc   lamps 
have  proved  to  be  well  adapted  iot  die  goieral  Adtu. 
purposes  of  street  iUumioation,  but  are  unsuited  for  !%n^ 
inside  iHuminatim,  such  as  deparbnent  stores,  mills,  ^"ii^L 
and  factcHies,  by  reason  of  their  dangeroijs  pressure. 
The  use  of  scries-comiected  alternating-current  en- 


closed arc  lamps  offers  considerate  advantages  over 
ordinary  open  arc  lamps.  The  light,  as  a  general 
thing,  is  steadier,  its  daylight  value  can  be  made  to 
approach  more  nearly  that  of  sunlight;  moreover, 
the  cost  of  the  lamp  maintenance  is  considerably 
reduced,  since  the  lamps  require  to  be  trimmed  or 
recarboned  only  once  in  from  eight  to  twelve  days, 
according  to  the  time  of  the  year. 

The  enclosed  alternating-current  arc  lamp,  when 
employed  for  out-door  illuminatiwi,  may  be  sus- 
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arc 


pended  from  a  mast-arm.  When  reflectors  are  em- 
totS^'f  ployed,  which  are  generally  formed  of  porcelain, 
te?^S&^'  the  lamps  can  be  placed  nearer  to  the  ground  than 
^^^TSmps.  in  the  case  of  open  arcs.  This  is  a  marked  advan- 
tage, since,  with  the  open  arc  lamps,  which  are 
placed  on  the  top  of  high  poles,  the  wide  distribu- 
tion of  the  light  is  obtained  at  the  loss  of  consider- 
able intensity  of  its  illuminating  power.  The  dis- 
tribution of  the  light  of  the  enclosed  arc  lamp  is 
such  that  these  lamps  can  be  placed  near  to  the  ob- 
ject to  be  illumined,  These  lamps,  when  employed 
for  street  lighting  with  reflectors,  are  generjilly 
placed  at  a  distance  of  from  eighteen  to  twenty 
feet  from  the  ground. 


Phenom- 
enal in- 
crease in 
use  of  al- 
ternating- 
current 


Perhaps  the  best  proof  of  the  general  belief  in 
the  advantages  of  enclosed  alternating-current  arc 
lamps  is  found  in  the  wonderful  increase  in  the  use 
of  such  lamps.  Between  the  years  1895  and  1896, 
there  were  comparatively  few  alternating  open  arc 
are^Snfps.  lamps  in  use.  During  1896,  from  1,000  to  1,500 
alternating  lamps  were  introduced  by  the  central 
stations.  In  1897,  the  first  satisfactory  enclosed 
alternating  lamp  was  made  commercially  successful, 
and  from  this  time  on,  the  growth  has  been  rapid 
and  constant.  In  the  years  1897  and  1898,  nearly 
30,000  lamps  were  installed;  during  1899,  30,000 
additional  lamps  were  required;  during  1900,  be- 
tween 50,000  and  60,000  lamps  were  installed ;  and 
an  increase  is  still  going  on. 

The  following  conclusions,  reached  by  a  commit- 
tee on  light,  appointed  by  the  Board  of  Legislation, 
of  Cincinnati,  in  1901,  after  a  careful  study  of  the 
different  systems  employed  for  street  lighting  in 
St.  Louis,  Chicago,  Milwaukee,  Pittsburg,  Alle- 
gheny, Edgewood  Borough,  Baltimore,  Washington 
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City,  Philadelphia,  New  York,  Hartford,  Boston, 
appear  to  be  fully  sustained  by  the  actual  facts : 

"The  experience  of  your  committee,  therefore^ 
in  all  these  cities  visited  would  tend  to  show  thatSSJjfbT 
electric  lighting  of  the  open  type  or  enclosed  lamps  ST^t  al>. 
gives  a  better  illumination  than  either  gas  or  gaso-  SSiSiiuT 
line  lamps,  either  of  the  open  flame  tjrpe  or  equipped  LSSiSion 
with  incandescent  gas  burners.     The  consensus  of  S^SJiine 
opinion  seems  to  be  that  the  enclosed  arc  lamp  is^lSS^* 
superior  to,  and  an  improvement  on,  the  open  tjrpe  ?4Sting. 
of  arc  lamp,  and  that  of  the  two  kinds  of  inclosed 
arc  lamps  the  alternating  is  better  than  the  direct- 
current  type,  because  a  greater  portion  of  the  light 
is  thrown  in  a  horizontal  direction,  and  because, 
therefore,  the  general  illumination  of  the  street  is 
more  uniform.    Another  advantage  of  the  alternat- 
ing-current type  of  lamp  is  that  lamps  of  1,200 
candle-power  can  be  used,  if  desired,  from  the  same 
dynamo  that  furnishes  the  2,000  candle-power  lamps, 
and,  therefore,  by  the  use  of  the  smaller  candle- 
power  a  greater  number  of  them  can  be  used  at  the 
same  cost  per  year  for  lighting,  enabling  the  lamps 
to  be  placed  much  closer  together.    The  use  of  an 
increased  number  of  lamps,  giving  the  same  amount 
of  light  more  evenly  distributed,  and  at  no  greater 
cost,  would  be  an  object  well  worth  striving  for." 

The  United  States  Census  Bureau,  for  October, 
1900,  in  giving  results  of  the  12th  Census  of  the 
United  States,  states  that  above  150  cities,  having  states 
populations  of  25,000  and  upward,  have  replaced  Bureau 
open  arcs  and  installed  enclosed  arcs  in  their  stead,  for  «9<»  on 

^  increase  of 

The  installation  of  enclosed  arcs  for  street  l^&htingcnjjojed 
has  been  so  rapid  that  fifty-one  of  these  cities,  or  insr-f^rrent 

*  ^  .  arc  lamps 

thirty-three  per  cent  of  all,  have  permanently  adopted  {gf,*^^ 
arc  lights  of  the  enclosed  type.    It  is  interesting  to 
note  that,  out  of  the  fifty-one  cities  thus  referred  to 
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which  have  adopted  enclosed  arcs  and  abandoned 
(q)en  arcs,  twenty-six  have  a  population  of  50,000, 
while  ten  of  them  have  a  populati<»i  of  100,000  or  . 
more,  according  to  the  Census  of  190a 

Where  a  single  arc  lamp  is  to  be  taken  from  a 
high-pressure  circuit,  the  hig^^ressore  wires  Mt 
Si2££  connected  to  the  primary  of  a  8tq>-down  trans- 
'°™"'      former,  the  secondary  terminals  of  which  are  con- 
nected with  the  terminals  of  the  arc  lamp,  as  shown 
in  Fig.  107.     In  this  circuit  a  meter  has  been  placed 


in  the  secondary  circuit,  so  as  to  determine  the  thne 
during  which  the  current  has  been  supplied  to  the 
lamp,  thus  fixing  the  proper  charge  for  sCTvke. 

Where  constant-potential  mains  are  already  in- 
stalled for  die  supt^y  of  incandescent  lamps,  alter- 
nating-current lamps  may  be  employed,  connected 
with  such  mains  in  psuallel.  Suppose,  for  example, 
that  three  lamps  are  to  be  ccmnected  in  parallel  to 
such  constant-potential  mains,  and  that  the  mains  are 
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supplied  with  a  constant  electric  pressure  of  say 
from  50  to  300  volta    Suppose,  moreover,  that  the 
lamps  employed  operate  best  with  a  pressure  of  33 
volts.    Now  there  are  three  ways  in  which  the  pres-  taJjSSSiot 
sure  of  50  to  100  volts  on  the  constant-potential  ^^^S^. 
main  can  be  reduced  to  the  33  volts  required  for  the  ^f^^ 
proper  operation  of  the  lamp.    These  three  methods 
are  shown  in  connection  with  Fig.  108,  where  s  s 
represents  the  constant-potential  mains,  carrying  say 


LJf 


or 


o  o  r« 


o  o  r» 


Xf>' 


^ 


Fia.  108. — ^Three  Methods  of  Redudng  Pressure  of  AlteniAtiiig-curxeiit 

Lamp  to  Constant-potential 


either  50  or  100  volts  alternating  pressure;  T,  T*, 
T*,  T®,  represents  safety-fuse  cut-outs;  ff,  HP,  H*, 
are  switches  for  controlling  the  arc  lamps  A*,  A*,  A*.  ' 

At  A*,  in  addition  to  the  switch  HP,  there  is  pro- 
vided a  dioking  coil  or,  as  it  is  generally  called  for^Siomy''' 
such  purposes,  an  economy  coil.    This  coil  is  so  pro-  "*"* 
portioned  as  to  cut  down  the  pressure  to  say  the 
thirty-three  volts  necessary  for  the  proper  operation 
of  the  lamp  A*.     At  A^,  in  addition  to  the  switch 
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H^y  there  13  provided  a  resistance,  R,  ^diich  is  {hto- 
portioaed  to  cut  down  the  pressure  to  thirty-three 
^stance  volts.    At  A*,  in  addition  to  the  switch  H*,  there 
^^•tep.  jg  provided  a  step-down  transformer,  ^^which  sui4)lies 
fS^.    ^  pressure  of  about  thirty-five  volts.    A  small  re- 
sistance, r,  inserted  in  the  circuit  of  tlie  secondary,  is 
provided  to  maintain  die  pressure  of  the  lamp  ter- 
minals at  about  the  thirty-five  volts  required  for  its 
proper  operation.    Of  the  three  methods  described 
above,  that  of  the  economy  coil  is  the  simplest  and 
the  most  economical,  since  it  requires  a  smaller  ex- 
penditure of  energy  than  dther  the  resistance  or 
the  step-down  transformer. 
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CHAPTER   XIV 

ARC-LAMP    FIXTURES    AND    APPURTENANCES 

"The  sun's  rim  dips;  the  stars  rush  out; 
At  one  stride  comes  the  dark." 

— The   Ancient   Mariner:    Colbudgb 

IN  any  system  of  arc  lighting  the  lamps  are  hung 
or  suspended  where  they  will  best  illumine  the 
spaces  to  be  lighted.  Various  methods  for  sus- 
pending such  lights  are  employed,  but  whatever  be^%^ 
the  method,  means  must  be  provided  so  that  thea^lilbie. 
attendant  or  lamp  trimmer  can  readily  reach  the 
lamp  for  properly  cleaning  the  lamp  and  its  globes, 
and  for  replacing  the  carbons  that  have  been  con- 
sumed during  the  maintenance  of  the  arc.  This  re- 
placing of  the  carbons  is  generally  called  recar- 
boning. 

For  out-door  lighting  a  number  of  high  candle- 
power  arc  lamps  are  sometimes  placed  at  the  top  of 
a  tall  pole,  as  shown  in  Fig.  109.  Where  the  spaces  vi^Ln. 
to  be  lighted  are  sufficiently  open  this  method  of 
illumination  produces  an  effect  not  unlike  that  of  full 
moonlight.  The  improvements,  however,  that  have 
recently  been  made  in  enclosed  arc  lamps,  which,  as 
we  have  seen,  produce  a  much  more  uniform  dis- 
tribution of  light,  and  which,  when  of  the  low- 
economy  or  low-current  type,  can  be  employed  in 
greater  numbers,  render  it  possible  to  obtain  a  more 
uniform  and  better  distribution  of  the  light  by  plac- 
ing the  lamps  near  the  surface  to  be  illumined. 
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Such  a  method  is  less  wasteful  than  when  the  lamps 
m^f^  are  placed  at  the  top  of  a  high  pole  or  tower.  Where, 
i^Tm  however,  the  tower  sj^stem  of  electric  lighting,  as  this 
M^u^  method  is  called,  is  employed,  means  must  be  pro-  ' 
^^      vided  for  the  lamp  trimmer  to  reach  the  lamps. 

This  is  afforded  either  by  means  of  steps  or  ladders. 


FtO.  109. — Syitem  cf  Tower  Are  lighting-  Ahbougli  a  jrieuaiit  and 
well  diSoKd  lithtniK  ii  aBuicd,  jtt  the  amooat  of  ligbt  iccaTCd  by 
objects  near  tbe  ground  is  comparatively  sauU. 


Som^mes,  however,  means  are  adopted  for  read- 
Sd^^      ily  lowering  the  arc  lamp.    This  can  be  done  as  rep- 
wS^'  resented  in  Fig.  no,  where  an  iron  frame  suppOTting 
iJ^?'      the  lamp  can  be  lowered  by  means  of  a  rop^  so  as 
to  permit  it  to  be  readily  reached  by  the  lamp  trim- 
mer.   A  conical  hood  placed  above  the  lamp  serves 
to  protect  it  frcnn  the  weather.  Since  tbe  tn^de  of 


ARC-LAMP    PIITVBMB   AND  APPUBTBXAXCBB         218 

this  hood  is  smooth  and  whitened,  it  also  acts  as  a 
reflector. 

Another  method  of  suspension  is  that  shown  ia 
Fig.  III.      This  is  called  a  cross-wire  suspension, SffiSSS. 
and  is  sometimes  employed  for  hanging  a  kmp  di- 
rectly over  the  middle  of  a  street.    Here  the  lamp 


can  be  lowered  by  means  of  a  pulley  and  cord, 
C  C  C  C.  In  many  forms  of  supports,  such,  for 
example,  as  pde  supports,  shadows  are  cast  by  the 
pole.  In  order  to  avoid  this,  various  methods  are 
adopted  for  supporting  the  lamp  -outside  of  the  di- 
rect line  of  the  pole.  To  avoid  this  the  lamp  is 
attached  to  arms  that  project  beyond  the  pole,    In 
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such  cases  a  very  convenient  metfiod  for  readily 
raising  or  lowering  the  lamp  is  by  what  is  called 
the  mast-arm  support,  as  in  Fig.  ii2,  where  the 
mast-arm  consists  of  a  main  rod  formed  of  iron 
tubing  with  guy  rods  and  cross  rods  for  stiffening 
and  supporting  it  on  a  frame  or  bracket  directly 
mounted  on  the  pole.  This  arrangement  permits 
the  lamp  to  be  lowered  to  the  side  of  the  pde  where 
it  can  readily  be  reached  by  the  lamp  trimmer. 

Various  forms  of  switches  operated  by  hand  are 
employed  for  the  purpose  of  placing  the  arc  lamp  in 


Hanger 
boarat. 


Fia  III.— Cross-wire  Suspension  for  Arc  Lamp.      Note  tbe 

ployed  for  lowering  the  lamp. 


means  em- 


a  circuit  or  removing  it  from  the  same.  Such 
switches  were  formerly  placed  on  a  board,  called  a 
hanger  board,  to  which  the  lamp  was  suspended. 
Hanger  boards  are  now  generally  displaced  by  in- 
sulated hangers,  of  the  form  shown  in  Fig.  io6,  the 
switch  being  placed  directly  below  such  hanger.  The 
switch  shown  in  Fig.  113,  instead  of  being  placed 
either  on  the  lamp  or  on  the  hanger,  is  supported 
on  a  wall  or  post,  in  such  a  position  as  to  be  readily 
reached  by  the  lamp  trimmer.  Such  switches,  how- 
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ever,  should  never  be  placed  where  they  can  be 
readily  reached  by  the  general  public  This  is  e^l^^S^ 
pedally  tnie  in  th«  case  of  series  arcs,  where  the'*'''^ 
pressure  employed  on  the  entire  line  is  high,  and, 
consequently,  dangerous,  should  contacts  occur  so 
as  to  permit  a  person  incautiously  handling  the  lamp 


Fig.  iia. — Mast-arm  Snpport  for  Are  Larn^    Nole  tlie  fact  that  there  ti 
nothing  here  to  cast  shadows  in  the  space  directly  below  the  lamp. 

to  be  exposed  to  the  entire  pressure.  The  hand 
switch  represented  in  the  above  figure,  is  so  arranged 
that  the  mains  of  the  switch-handle  automatically 
display  the  words  "on"  or  "oflf,"  thus  indicating 
the  position  occupied  by  the  switch. 

For  the  ready  control  of  lamps  emplojred  for  in- 
door illumination,  such,  for  example,  as  in  depart- 
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ment  stores,  where  the  lamps  are  connected  to  con- 
stant-potential mains,  a  variety  of  suspension,  called 
the  "ceiling  board,"  is  anployed.  Here,  as  is  shown 
in  Fig.  114,  the  insulated  suspension  hanger  is  at- 


Fw.  1 1).— lltehtniol  Cat-oat  Switdi  for  Arc  l4nv. 

tached  to  a  porcelain  block,  through  which  the  in- 
ductors connected  with  the  mains  pass,  ready  for 
connection  with  the  lamp  terminals. 

For  in-door  lighting,  considerable  difficulty  is 
stmietimcs  experienced  where  heavy  machinery  is 


FuL  114. — PoKaUin  Ccilins  Board  for  Mulliple-conoected  Arc  Lunpi. 


employed,  as  in  weaving  mills,  where  high-backed 
looms  are  installed,  or  in  machine-shops,  where 
either  stationary  or  travelling  cranes  are  used,  in  in- 
suring that  uniform  distribution  of  light  which  is 
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required  for  the  examination,  say  at  a  distance  of 
seventy-five  feet  from  the  lamps,  of  the  fine  threads 
employed  in  weaving,  or  the  high-grade  machine 
tool-work  employed  in  machine-sh<^.     For  such 
purposes,  the  use  of  a  shade  is  necessary.    Here  care 
must  be  taken  not  to  employ  shades  that  cut  off  too  ^£^ 
much  lis^t    The  shape  of  the  shade  will  dq>end  cm  m  k^o 
the  proportion  of  light  which  it  is  desired  to  throw  f^^S^ 
directly  on  the  object  to  be  illumined,  as  compared  ^uoo 
with  the  amount  of  light  which  is  reflected  from  the  "^'**'^ 
walls  and  ceiling  of  the  room.     Where  these  are 
whitened,  as  should  generally  be  done  for  in-door 
illumination,  where  a  considerable  portion  of  the 
light  is  required  to  be  thrown  on  the  object  by  re- 


©^(^ 


(^ 


Fig.  ii5.~-Shadte  and  Reflectots  lor  Bndotcd  Arc  LamiM. 

flection  from  the  walls  and  ceiling,  the  full  porce- 
lain shade,  shown  at  No.  3,  of  Fig.  115,  throws  too 
much  of  its  light  directly  downward,  and  permits 
too  little  to  reach  the  walls  and  ceiling,  so  that  the 
porcelain  shade,  seen  at  No.  4,  is  preferable.  For 
factories,  where  porcelain  shades  are  liable  to  break- 
age, metallic  shades,  such  as  represented  in  Nos.  i 
and  2,  are  preferable. 

In  some  cases,  where  it  is  desired  to  throw  the 
light  upward,  a  form  of  inverted  arc  lamp  is  em- 
ployed, such  as  seen  in  Fig.  1 16.  Here  the  positive  \^^^ 
carbon  is  placed  below  the  negative.  In  such  cases, 
it  is  generally  better  to  arrange  the  lamp  mechanism 
so  as  to  feed  the  negative  carbon.    In  inverted  arc 
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lamps  the  n^jative  carbons  may  be  made  somewhat 
thicker  than  the  positive,  owing  to  the  sinnewhat 
more  rapid  consumption,  due  to  the  heated  gases 
rising  from  the  arc.  For  arc  lamps  ^obes  of 
various  shapes  are  employed,  such,  for  example,  as 
those  represented  in  Fig.  117.  Considerable  care  is 
necessary  as  regards  the  character  of  the  globe  em- 
ployed, since,  no  matter  how  it  may  be  made,  an  ajn 


preciable  loss  occurs  during  the  transmission  of  light 
j,i^i.        through  it.  Globes  are  formed  either  of  clear  trans- 
■O^bJier    parent  glass,  or  opal  glass,  or  of  translucent  glass 
f^mm   ^""^  °P*'  glass,  called  alabaster.     Arc-light  globes 
are  either  blown  or  molded.     In  either  case  care 
should  be  taken  to  avoid  irregularities  in  the  thick- 
ness of  the  glass,  since  such  irregularities  in  the 
globes  will  produce  marked  unevenness  in  the  illumi- 
nation.    As  a  rule,  molded  globes  are  preferable  to 
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blown  globes,  but,  even  here,  care  must  be  taken  to 
avoid  the  irregularities  in  the  light  produced  by 
variations  in  the  thickness  of  the  glass  at  the  joints 
of  the  mold. 

According  to  Professor  Crocker,  the  loss  of  light 
in  passing  through  transparent  globes  amounts  tou^by 
as  much  as  from  five  to  ten  per  cent.     Unless  [h^SS^ 
care  is  taken,  however,  to  keep  the  globes  clean,  this  ******* 


Fig.  1x7. — Various  Shapes  of  Outer  Globes  for  Arc  Lamps.  Note  that 
some  of  the  globes  are  open  at  both  top  and  bottom,  while  some  are  open 
only  at  one  end. 

loss  may  be  even  more  than  twice  as  great.  Opal 
globes  may  cause  a  loss  varying  from  twenty  per 
cent  to  thirty-five  per  cent,  and  this,  in  the  case  of 
thick  opal  globes,  many  sometimes  reach  as  high 
as  fifty  per  cent.  With  alabaster  globes  the  loss  is 
even  greater,  sonetimes  amounting  to  as  high  as 
from  forty  to  sixty  per  cent.  Sometimes  the  upper 
part  of  the  globe  is  left  clear  and  the  lower  part 
ground.    The  clear  part  may  either  be  the  upper  half 
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of  the  s^Icrf}^  such  as,  for  example,  in  department 
stores,  where  the  greater  part  of  tJie  light  is  to  be 
thrown  on  the  walls  and  ceiling  for  diffusion,  and 
the  smaller  proportion  thrown  directly  downward; 
or,  a  vertical  half  of  the  globe  may  be  ground,  as, 
for  example  in  show  windows,  where  the  dear  half 
of  the  globe  faces  the  window,  and  the  ground 
half  is  turned  toward  the  observer. 


Fio.  I  iS. — "Uolopbsne"  fot  Ate  Lamp.  ■  form  of  oater  ^obe  depend- 
inS  on  rcflectioa  and  retraction  ot  the  light.  Note  the  fact  that  this 
■lobe  act!  to  thrcTw  mgst  et  the  lilM  dovaward. 

An  improved  form  of  glass  globe,  called  the 
"holophane,"  ensures  an  excellent  distribution  of  the 
Ught.  Here  the  entire  globe  is  made  of  clear  £^ss, 
Uit  the  outer  surface  is  molded  in  the  shape  of  hol- 
low prismatic  rings,  as  shown  in  Fig.  ii8.  The  in- 
clination of  the  faces  of  the  rir^  differs  in  various 
parts  of  the  globe.    They  are  so  arrai^^  that  the 
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light  striking  the  upper  part  of  the  globe  is  reflected 
generally  downward,  while  that  striking  the  remain- 
ing rings  emerges  from  the  globe  either  horizon- 
tally, or  in  a  direction  below  the  horizontal  line. 
In  order  to  ensure  a  still  better  general  diffusion 
of  the  light,  the  globe  is  also  ribbed  vertically.  An 
objection  to  the  use  of  the  holophane  arises  from  the  2SU  ^  iSI' 
fact  that,  for  its  proper  operation,  the  position  of  SJJophaiiea. 
tiie  arc  should  be  maintained  constant,  or  the  lamp 
should  be  of  the  focusing  type.  Lamps  of  this 
description  are  much  more  difficult  to  keep  in  order, 
and  much  more  expensive  than  the  lamps  ordinarily 
employed. 
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CHAPTER  XV 

FOCUSING  LAMPS  OR  ARC-LIGHT  PROJECTORS 

"Lie  like  a  shaft  of  light  across  the  land 
And  like  a  lane  of  beams  athwart  tiie  sea." 

^Tke  GoUen  Yt^r:  TtoNYSON 

OR  purposes  where  reflectors  or  lenses  are 
employed  to  throw  the  light  of  the  arc  in  one 
direction  as  a  more  or  less  parallel  beam^  it 
K»«  is  necessary  to  maintain  the  position  of  the  ^PJ 
despite  changes  in  the  length  of  the  carbons  due  to 
their  consumption.  In  order. to  accomplish  this 
it  is  necessary  to  feed  both  the  carbons,  the  positive 
cai*bon  being  fed  about  twice  as  rapidly  as  the 
negative.    Such  lamps  are  called  focusing  lamps. 

Focusing  lamps  are  employed  for  a  great  variety 
of  purposes.    At  sea,  for  example,  they  are  emplpyed 
for  searchlights  for  discovering  the  position  of  the 
enemy's  ships,  detecting  the  approach  of  torpedo 
different  ^  boats,  or  for  the  general  illumination  of  the  ocean 
F^^^h   oflF  dangerous  parts  of  the  coast.     Focusing  lamps 
i^^^are    are  also  employed  in  the  illumination  of  lighthouses, 
empoy  .  ^^  enable  ships  to  determine  their  location;  in  the- 
atres for  scenic  effects,  for  projecting  lanterns,  for 
electric  headlights  for  locomotives,  and  for  a  variety 
of  other  purposes. 

Since  in  searchlights  it  is  desired  that  all  the 
light  shall  be  thrown  in  one  direction  only,  the  car- 
bons are  not,  as  a  rule,  placed  vertically  over  one 
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another,  as  in  ordinary  arc  lights,  but  are  indined 
away  from  the  direction  in  which  the  light  is  to  be 
projected,  so  that  the  rays  of  maximum  intensity 
shall,  on  the  whole,  issue  in  a  more  or  less  horizontal 
direction.  An  examination  of  Fig.  1 19,  at  the  right-  otJS^a^ 
hand  side  of  the  figure,  will  show  how  inclined  car-  ifgSS!"*^^' 
bons  expose  a  greater  portion  of  the  positive  crater 
in  the  general  direction  in  which  it  is  desired  that 
the  greatest  amount  of  light  shall  issue.  Sometimes, 
the  same  effect  is  produced  by  carbons  that  are 
placed  vertically  one  over  the  other,  by  moving  or 
shifting  the  positive  carbon  a  little  to  one  side,  as 


Fig.  XI 9. — ^Positions  of  Carbons  in  Focusing  Carbon  Arc  Lamp.  Note 
that  in  both  of  the  positions  here  represented,  the  light  from  the  highly 
heated  positive  crater  can  be  readily  thrown  out  in  a  general  horizontal 
direction. 


shown  in  Fig.  1 19,  at  the  left-hand  side  of  the  figure. 
In  all  cases,  however,  the  rays  of  light  from  the  dis- 
placed carbons  are  caused  to  issue  from  the  lamp  in 
a  direction  approximately  parallel,  either  by  reflec- 
tion from  mirrors,  or  by  refraction  from  lenses, 
placed  back  of  the  arc. 

High-grade  searchlights  are  generally  provided 
with  a  lamp  mechanism  containing  both  a  direct- 
current  or  series  magnet,  and  a  shunt  magnet.  Very 
small  focusing  lamps  are  sometimes  operated  by 
hand,  but  this  is  objectionable,  unless  the  lamps  are 
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to  be  emplc^«d  for  a  very  short  lec^^  of  time. 
A  lamp  mechanism  of  the  aut(Hiiatic  focusmg  type, 
such  as  is  employed  m  searchlights,  is  shown  in  Fig. 
120.  Since  the  candle-power  of  the  searchlight  is 
high,  large  carbons  are  employed,  in  order  to  pa- 


Fio.  lao. — Antonstie  Focusing  Arc  Lamp  for  Searcbtight.    Note  tfae 
fact  that  hare,  as  is  genenll^r  tbe  case  wilh  foconng  bunps,  both  cBrtioni 

mit  an  increase  in  the  area  of  the  positive  crater 
that  will  attend  the  employment  of  large  corrents. 
The  positive  and  negative  carbons  are  shown  re- 
spectively at  P  and  N.  The  direct-current  electro- 
magnet, M,  by  the  attraction  of  its  armature,  de- 
presses the  lever  LL,  and  thus  separates  the  car- 
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bons,  establishing  the  arc  between  them.  Whea 
this  arc  becomes  too  Icmg,  a  shunt  magnet,  placed  in 
the  base  of  the  lamp  mechanism,  by  the  attraction  of 
its  armature,  permits  a  screw-shaft,  SS,  to  be  driven 
so  as  to  bring  the  carbons  tt^ether.  W  is  a  device 
operated  by  hand,  and  i»ovided  so  as  to  permit  the 


Fia.  HI. — FocoaiiiK  Limp  uxd  Uiiror  for  SeitehlitM-  Note  tbil  in 
Ihia  esse  the  light  of  Ibe  arc  u  directed  towird  the  reflector  in  the  back 
of  the  reBector  bat,  and  tb*t  the  lisht  ifter  reflection  ptMCt  out  of  the 
front  of  tb*  reflector  box. 

Operator  to  move  the  positive  carbon  to-and-fro,  so 
as  to  expose  its  crater  in  the  best  direction. 

The  lamp  mechanism  shown  in  the  preceding  vjriou* 
ligure  is  placed  inside  a  cylindrical  projector  box,  as  rrfeciore 
shown  in  Fig,  i2i.    In  the  rear  of  the  box  is  placed »«-''«i't 

a  reflector  made  of  silvered  copper  or  glass.     In 
Vol.  u.-ai 
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hi^-dass  projectors,  this  reflector  is  always  made 
of  glass,  as  is  the  case  in  the  projector  shown  in 
Fig.  121,  where  a  glass  reflector,  A,  has  two  curved 
surfaces,  whidi,  however,  are  not  parallel  to  one 
another,  so  that  the  glass  is  thicker  in  some  places 
than  in  others.  Since  this  difference  in  thickness 
renders  the  glass  reflector  liable  to  crack,  in  the  high- 
est grade  of  instruments,  it  is  made  in  the  form  of 
a  parabolic  glass  reflector,  (xtated  with  silver. 

Screen  shutters  are  placed  in  front  of  the  case  to 
prevent  the  direct  rays  from  leaving  the  projector. 


These  shutters  throw  the  rays  back  on  to  the  re- 
etu  Sector,  so  that  all  the  light  issuing  from  the  pro- 
3o  jector  comes  out  in  a  nearly  parallel  beam.  In  all 
high-class  projectors  a  magnet  surrounds  the  arc 
except  on  one  side,  so  as  to  ensure  the  maintenance 
of  the  arc  in  the  centre  of  the  large  carbons,  and, 
in  this  way,  maintain  it  at  the  focus  of  the  reflector. 
Projectors  are  generally  built  to  operate  on  ronstant- 
potential  mains,  such  as  are  employed  for  feeding 
incandescent  lamps.     A  regulating  resistance,  there- 
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fore,  is  placed  in  series  with  the  lamp,  in  order  to 
reduce  the  voltage  of  the  mains  to  the  voltage  re- 


Fio.  laj. — Geaenl  Ekctric  OmpamT'*  HaBd-conlroIled  Seucbliihl,  J4- 


quired  for  the  operation  of  the  projector.    This 
is  usually  from  forty  to  sixty  volts,  according  to 


the  lamp  and  the  current  employed.     A  form  of^onnu^ 
rheostat,  or  variable  reastance,  employed  in  connec-  m^ 
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tion  with  a  high-grade  projector,  is  shown  in  Fig. 
122.  Here  the  movements  of  a  lever  serve  to  intro- 
duce into,  or  remove  from,  the  circuit  a  varying 
□umber  of  series-connected  German  silver  resistance 
coils. 

The  following  are  the  current  strwigths  and  volt- 
ages employed  by  the  General  Electric  Company  in 


^^^ 


its  various  sizes  of  projectors.  The  g-inch  projector 
takes  a  current  of  lo  amperes,  and  requires  a  pres- 
sure of  from  43  to  46  volts  between  the  carbons.  It 
employs  for  the  positive  carbon  a  cored  carbon  54 
inch  in  diameter,  and  for  the  negative  a  solid  carbon 
■j^ths  of  an  inch  in  diameter.  The  18-inch  pro- 
jector requires  a  current  of  35  amperes,  and  a  pres- 
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sure  of  from  47  to  50  vc^ts  between  the  carbons.    It 
employs  a  ||^  of  an  inch  positive  o^ed  carbon,  oxou 
and  a  ^ths  inch  negative  solid  carbon.    A  30-indi SSkEk? 
projector  retpires  80  an^ieres  with  from  49  to  54^^ 
volts  between  the  carbons.     It  employs  a  iJ^thm^SS 
inch  positive  cored  carbon,  and  a  ^tbs  inch  negar^i^''* 
tive  cored  carbon.     A  36-inch  projector  requires  a*""^"*" 
current  of  130  amperes,  and  from  50  to  55  volts 


Fic.  116.— Advantage  of  Slight  DmrgEBce  of  Projector  lUrt.  Ni- 
igus  ander  the  levchlight.  Note  the  fact  that,  if  the  raja  were  atrietlj 
parallel,    bnt   ■   compantivelj    limited    portioti    ef   tbe    Falla    woiiM   be 


pressure  at  the  arc.    It  employs  a  Ij4-inch  positive 
carbon,  and  a  i-inch  cored  carbon. 

The  beam  of  nearly  parallel  rays,  that  is  projected 
or  thrown  out  from  the  projector,  can  be  turned  in 
the  various  directions  required,  either  by  means  <A 
hand-control,  or  by  means  of  electric-control.     In 
a  hand-controlled  projector  of  the  form  shown  iniktb 
Fig-.  125,  the  light  can  be  turned  in  various  vertical  i^ 
or  horizontal  directions  t^  the  operator,  standing  in  "• 
by  the  side  of  the  projector  case  or  box,  and  moving 
it  by  the  handles  in  the  desired  direction.    In  elec- 
tricaOy-controiled  projectors,  such,  for  example,  as 
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that  shown  in  Fig.  124,  these  movements  are  ob- 
"^cSiy  tained  by  means  of  two  electric  motors  placed  in  the 
^j^*^  base  of  the  projector.  One  of  these  motors  drives 
a  train  of  gear-wheels  that  controls  the  vertical 
movements,  and  the  other  motor  drives  a  train  of 
gear-wheels  that  controls  the  horizontal  movements. 


Fid.  117. — Focusitv  Lamp  (or  Luitern  ProjecEion.  Note  that  both 
carbons  are  electrically  fed.  la  aonie  fonm  of  taunting  lamps,  this 
feeding  is  accomplished  by  hand. 

These  movements  are  regulated  by  a  controller. 
Matters  are  so  arranged  that  the  movements  of 
the  controller  handle  correspond  to  the  movements 
of  the  beam  of  light.  Directions  between  the  ver- 
tical and  the  horizontal  are  obtained  by  the  simul- 
taneous movements  of  the  two  trains  of  gear-wheels; 
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Where  the  projector  is  placed  on  top  of  the  pilot- 
house, the  movonents  of  the  beam  of  light  are  con- 
trolled by  means  of  mechanism  placed  within  the 
pilot-house. 

A  30-inch  projector  in  operation  is  seen  in  Fig. 
125.  Here  the  issuing  rays  appear  to  be  parallel. 
Generally,  however,  they  are  given  some  little  di- 


Fia  laS. — Pocoiing  Lunp  (or  LocomatiTe  HeuDiaht. 

vergence,  so  as  to  increase  the  area  of  the  space  AiTio- 
illumined.     For  example,  in  Fig.  126,  a  slight  di-S^f,^. 
vergence  given  to  the  rays  of  li^t  permits  them  to  Sril^** 
illumine  a  greater  portion  of  the  falls  of  Niagara  ^^b- 
than  would  have  been  possible  had  the  rays  been"*""- 
maintained  exactly  parallel. 

The  application  of  a  projector  for  lantern  pur- 
poses is  seen  in  Fig.  127.     The  light  so  obtained 
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gives  excellent  results,  both  for  the  ordinary  lantern 
slides  and  for  the  projectii^  microscope. 

Where  electricity  is  employed  on  railroad  trains 
for  incandescent  lamps  and  other  purposes,  a  carbon- 


:o  City  Hall  wUh  Ten  JO-inch  Projec 


lunp  (or 
bculllgln.' 


arc  headlight  is  sometimes  employed.    A  headlight 
;  of  this  description  is  shown  in  Fig.  128,  where  a 
focusing  arc  lamp  is  placed  at  the  focus  of  a  para- 
bolic reflector. 

Sfflnetimes,   in  order   to  produce  very  marked 
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effects,  a  number  of  projectors  are  simultaneously 
employed.    Very  beautiful  effects  of  this  character  ^iJf^|^ 
were  obtained  in  the  illumination  of  the  Toronto  JJJ[^1 
City  Hall,  with  ten  30-inch  projectors,  on  the  recent  "'***•• 
occasion  of  the  Duke  of  York's  visit  to  that  city. 
The  general  appearance  of  this  is  shown  in  Fig. 
129. 
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CHAPTER  XVI 


ARC-LIGHT    GENERATORS 

"In  arc  lighting  in  series,  the  function  of  the  dynamo  is 
to'  keep  the  amperes  constant,  no  matter  how  many  or  few 
lamps  are  in  circuit ;  while  each  lamp  is  provided  with  a  shunt 
device  which  governs  the  movement  of  the  carbons,  so  that 
the  feeding  of  them  shall  keep  the  length  of  the  arc,  and  the 
volts  at  the  terminals  of  the  lamp,  approximately  constant" — 
Dynamo-Electric  Machinery:    S.  P.  Thompson 


A 


RC-LIGHT  generators  are  of  two  t3rpes;  viz., 
constant-current  generators,  and  constant- 
potential  generators.  These  two  types  of 
generators  are  respectively  employed  for  feeding 
c«j2j«-  lamps  on  constant-current  circuits,  and  on  constant- 
l^an^ra.  Potential  circuits.  In  constant-current  generators 
the  d)mamo  must  be  able  to  maintain  on  the  line 
conductors  an  absolutely  constant  current,  no  mat- 
ter how  many  lamps,  up  to  the  full  number  the  ma- 
chine is  designed  to  produce,  may  have  been  intro- 
duced into  or  removed  from  the  circuit.  An  increase 
in  the  number  of  lamps  on  a  constant-current  cir- 
cuit, of  course,  necessitates  an  increase  in  the  re- 
sistance of  the  line  circuit,  and,  conversely,  a 
decrease  in  the  number  of  lamps  necessitates  a  de- 
Jj^2"  crease  in  such  resistance.  If,  then,  the  current 
^mtors.  strength  is  to  be  maintained  constant,  the  generator 
must  be  capable  of  proportionally  increasing  or  de- 
creasing the  pressure  at  the  machine  terminals. 
In  a  constant-potential  generator,  on  the  contrary, 
the  machine  must  be  able  to  maintain  a  constant 
pressure,  or  difference  of  potential,  between  the 
mains,  no  matter  how  many  lamps  have  been  intra- 
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duced  into  the  circuit,  or  no  matter  how  much  the 
current  strength  may  have  increased. 

At  the  present  day,  series  arc  lamps  are  placed  in 
a  single  circuit  sometimes  to  the  extent  of  125  orS2SS2*S 
more.     This  requires  a  very  high  voltage  on  the^f^^ot*'^ 
line.     As  is  well  known,  in  generators  of  the  closed-  i?!u2S? 
coil  type,  that  is,  those  in  which  the  armature  coils  SnsS^dSiy 
are  connected  together  in  a  single  closed  circuit,  any  ?£^if5 
sudden  breaking  or  opening  of  the  circuit  will  re- 
sult, by  self-induction,  in  the  production  of  a  dan- 
gerously high  voltage,  that  might  readily  cause 
considerable  damage,  either  to  the  line  and  its  ap- 
paratus, or  to  adjoining  property.     When  a  great 
number  of  arc  lamps  are  employed  in  series  on  the 
same  line  where  large  generators  are  required,  ma-cpua?^" 
chines  of  the  open-coil  type  are  preferable,  that  is,  iorif^*'" 
machines  in  which  the  armature  coils  are  not  con-on^ioij  * 


circuits 


nected  in  a  single  closed  circuit;  for  it  has  been coouimnc 
found  by  experiment  that  the  sudden  breaking  orSS*^*"^ 
opening  of  the  circuit  of  an  open-coil  machine  is 
not  attended  by  the  marked  increase  of  potential 
before  referred  to.  This  is,  possibly,  for  the  reason 
that  the  excessive  voltage  is  discharged  or  spills  over 
the  adjoining  commutator  segments. 

There  are  two  forms  of  open-coil  dynamos  that 
are  now  generally  employed  for  obtaining  the  con- 
stant current  employed  in  series  arc  lighting;  viz., 
the  Brush  and  Thomson-Houston  dynamo.  Amuiu- 
Brush  arc-lighting  generator,  of  a  size  capable  of  aro-ught 
being  arranged  so  as  to  give  a  constant  current  of 
9.6  amperes,  at  a  pressure  of  6,250  volts,  and  of  then 
maintaining  125  open  arc  lamps;  or  a  current  of  6.6 
amperes,  at  a  pressure  of  8,500  volts,  and  of  then 
maintaining  115  enclosed  or  170  open  arc  lamps; 
or  a  current  of  5  amperes,  at  a  pressure  of  10,000 
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volts,  and  then  maintaining  130  enclosed  arc  lamps, 

is  shown  in  Fig.  130.     An  automatic  r^^ulator  is 

employed  that  permits  the  machine  automatically 

to  maintain  the  constant  pressure  on  all  these  lamps, 

either  in  a  single  circuit,  or  in  two  or  four  separate 

circuits.     The  method  of  thus  separa.ting  a  long 

series  circuit,  on  which  a  great  number  of  arc  lamps 

^j^t     ^T^  maintained,  into  a  number  of  separate  circuits, 

S^Jm-  has  a  great  advantage  in  lessening  the  danger  aris- 

ai^ght     ing  from  the  high-pressure  circuits  on  which  arc 

crenentor.  jj^jjpg  ^^e  required  to  be  frequently  handled  for  re- 

carboning,  or  cleansing  the  lamps  and  globes.  Where 
a  number  of  separate  circuits  are  provided,  the  gen- 
erator is  called  a  multi-circuit  generator.  That 
shown  in  the  figure  before  'referred  to  is  a  four- 
circuit  generator.  These  four  separate  circuits  are 
diagrammatically  represented  at  the  top  of  the 
figure. 

The  field  magnets  of  the  preceding  generator  con- 
sist of  eight  magnet  coils,  four  on  each  side  of  the 
machine,  opposite  cdib  producing  poles  of  the  same 
pe8Gm>.     name.     The  commutator  consists  of  four  separate 
Bra^       commutators  placed  side  by  side,  and  provided  with 
drait       four  separate  sets  of  brushes.     The  switch  handles, 
^mtor.  placed  above  the  machine,  are  intended  to  control 
the  different  circuits.     An  extra  switch  is  provided 
to  short<ircuit  the  field  coils  when  the  machine  is 
out  of  action.    The  armature  consists  of  a  thor- 
oughly laminated  ring  core,  deeply  grooved,  sepa- 
rate coils  being  wound  in  these  grooves.     Ample 
provision  is  made  for  the  thorough  ventilation  of 
the  armature.     An  armature  wound  with  its  coils, 
and  mounted  on  the  shaft  with  its  commutator,  is 
shown  in  Fig.  131.  The  collecting  brushes  are  made 
of  thin  leaf-copper.     The  mechanical  details  of  the 
armature  are  so  arranged  that,  should  any  armature 
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coil  be  burned  out,  or  otherwise  destroyed,  it  can  be 
rewound  without  the  armature  being  removed  from 
the  machine. 


Pm.  iji.— 'AnuMun  and  Cominnlator  of  Bnub  AiG-li|lit  GeaetatoT. 


The  automatic  regulation  employed  in  the  Brush 
?^uiar    machine  is  shown  in  Fig.  132.    A  carbon  shtmt  <1 


Fio.  iji. — Bnub'i  Aulomslic  RcBuIitor  for  Arc-light  Ojiamo.  Note 
tbe  nature  of  the  device  for  electro-nusneticallT  TaryiaB  the  rcBUtance 
of  the  pile  of  cart»n  platea  C  bjr  pressure. 


of  a  variable  resistance,  is  placed  across  the  field 
magnets  F,  M.     An  electro-magnet  B,  placed  in 


series  with  the  main  circuit,  on  the  attraction  of  its 
aimature,  reduces  the  resistance  of  the  carbon  pUUes 
C,  by  presung  them  together  when  the  current  be- 
ccMnes  strcHiger.  This  decrease  io  the  resistance 
shunts  a  part  of  the  current  from  the  field,  and  thus 
weakens  the  Beld.  This  regulator  is  able  to  main- 
tain a  constant  current  strength,  even  when  the 
speed  of  rotation  varies.  For  larger  sizes  of  ma- 
chines another  form  of  regulator  is  anployed. 
Such  a  form  of  automatic  regulator  is  shown  in 
F'g-  133- 


Fic.   133.— Autooulic  RefuUtor  for  Bnuh**  MnKi^iTenK    Genentor. 

A  TTiomson-Houston  dynamo  electric  machine,  \ 

shown  in  Fig.  134,  employs  a  drum-wound  arma-ESulS 
ture,  which,  when  completed,  has  a  nearly  spherical  *^''*^''- 
form.  Its  winding  consists  of  three  sets  of  coils 
only.  One  terminal  of  each  coil  is  connected  to  a 
common  point,  and  the  other  terminals  are  con- 
nected to  the  segments  of  a  three-part  commutator. 
These  c(»nmutator  segments  are  insulated  by  means 
of  an  air  space  between  adjoining  segments.  Two 
brushes  are  placed'  on  opposite  sides  of  the  commu- 
tator, each  brush  being  formed  of  two  separate 
brushes  connected  together.  During  the  rotation  of 
this  armature  in  the  bipolar  field  produced  by  the 
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Thomson- 
Houston 
air-blast. 


field  coils  C  and  C,  during  certain  parts  of  the  ro- 
tation two  armature  coils  are  connected  in  series, 
while  during  other  parts  of  the  rotation,  two  arma- 
ture coils  in  parallel  are  connected  with  the  remain- 
ing coils  in  series.  Since  machines  of  this  tjrpe  pro- 
duce an  E.M.F.  of  3,000  volts  and  over,  at  adjoin- 
ing commutator  segments,  in  order  to  prevent  the 


Fig.  134. — Diagram  of  Circuit  Connections  of  Thomson-Houston  Arc- 
light  Dynamo  and  Regulator.  The  connection  between  the  armature 
of  the  regulating  magnet  and  the  brushes  is  not  shown. 

flashing  or  arcing  that  might  otherwise  occur,  an  air 
blast,  obtained  from  a  centrifugal  blower,  is  directed 
against  the  commutator  segments,  so  as  to  extin- 
guish such  arcs. 

In  the  Thomson-Houston  machine  the  current 
strength  is  maintained  constant  by  means  of  an  au- 
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tomatic  regulator,  also  shown  in  Fig.  134.  This 
regulator  consists  of  a  wall-coiitroUer  aad  a  regu-^ 
lating  magnet.  In  the  wall-controller  two  solenoidal  J^™™"^ 
coils,  represented  at  the  upper  left-hand  aimer  ofj^i^^l" 
the  figure,  are  connected  in  series  with  the  main  cir- 
cuit. When  the  current  strength  becomes  exces- 
sive, these  coils  attract  their  cch^s,  open  a  shmit  cir- 
cuit P,  P,,  and  cause  the  main  current  to  pass 
through  the  coils  of  the  regulating  magnet  M. 
This  magnet,  attracting  Its  armature,  shifts  the 
positioi  of  the  collecting  brushes  on  the  commida- 
tor,  and  thus  restores  a  normal  current  strength. 
During  this  shifting,  the  distance  between  the  posi- 
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tive  and  negative  brushes  is  lessened,  thus  resulting 
in  a  corresponding  decrease  in  the  E.M.F.  pro-rtnj- 
duced.    Sometimes,  instead  of  employing  an  almost "°" 
spherical  armature  from  a  drum-wound  core,  a  ring- 
wound  armature  is  employed,  such  as  is  shown  in 
Fig-  135- 

A  Thomson-Houston  arc-light  dynamo  is  shown 
in  Fig.  136.  The  regulating  magnet  is  seen  at  the 
upper  left-hand  comer  of  the  figure.  Machines 
of  this  type  are  capable  of  producing  currents  of 
616  amperes,  for  1^200  nominal  candle-power  lamps, 
and  9.6  amperes,  for  2,000  nominal  candle-power 
lamps.     For  the  former,  distance  between  the  car- 
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bons  should  be  from  1-32  to  i-io  of  an  inch,  and 
for  the  latter  from  3-32  to  1-8  of  an  inch. 

The  constant  electric  pressure  required  for  the 
operation  of  a  number  of  arc  lamps  connected  in 
7^S^.  multiple  with  constant-potential  mains,  is  generally 
obtained  by  means  of  compound-wound  generators, 
the  field  magnets  of  which  are  wound  with  both 
series  and  shunt  coils,  as  has  already  been  explained. 
Where  it  is  required  to  maintain  a  constant-poten- 
tial at  some  distant  point  in  a  long  circuit,  the 
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machine  is  over-compounded  by  increasing  the  num- 
ber of  series-windings  on  the  field  magnets. 

For  feeding  lamps  on  alternating-current  circuits, 
various  alternators  are  employed,  '  Where  constant- 
current  circuits  are  to  be  maintained,  the  constant- 
KMMiaton.  current  transformer  already  described  is  employed. 
Where  constant-potential  circuits  are  to  be  main- 
tained, some  form  of  constant-potential  alternating- 
generator  is  employed.  In  some  cases  constant- 
current  alternators  are  employed  in  which  no 
regulators  are  used,  the  machine  being  so  designed 
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that  the  current  strength  does  not  greatly  increase, 
even  if  the  machine  is  momentarily  short-circuited. 

In  order  to  avoid  injury  to  the  insulation  from 
the  increased  voltage  that  occurs,  when  the  circuit  um  of 
is  suddenly  opened,  some  form  of  safety  cut-out  isSMffSj"* 
employed.      When    constant-current    transformers  *^''^"*- 
are  employed,  their  primaries  are  generally  sup- 
plied in  parallel  from  constant-potential  mains. 
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CHAPTER  XVII 

EARLY    HISTORY    OF   THE   INCANDESCENT  LAMF 

"In  its  most  modem  form,  the  el«ctric  itieandesoeBt  honp 

always  has  been,  and  always  will  be,  inseparably  associated 
with  the  names  of  Mr.  Thomas  Alva  Edison  and  Mr.  Joseph 
Wilson  Swan,  and  in  a  lower,  though  by  no  means  negligible^ 
degree  with  those  of  Mr.  Lane-Fox  and  Messrs.  Sawyer  and 
Mann."— Lecture,  1894:    J.  A.  Fleming 

N  the  electric  arc  lamp  the  light  is  produced  by 
the  passage  of  the  current  through  a  mass  of 
glowing  carbon  vapor,  that  fills  the  space  be- 
tween the  positive  and  the  negative  carbons.  Here 
Stl^^  a  movable  electric  conductor  is  raised  to  a  high 
SLi^^r-    temperature,  the  circuit  being  at  the  highest  tern- 
S^*?^!!!-  pcrature  at  its  ends,  where  it  abuts  on  the  positive 
S£p?**"'  ^^^  negative  carbons.     In  the  incandescent  electric 
lamp,  on  the  contrary,  the  light  is  obtained  solely 
by  the  incandescence  of  a  continuous  conductor, 
raised  to  a  high  temperature  by  the  passage  of  the 
current  through  it.    This  conductor  may  be  formed 
either  of  various  metallic  substances,  or  of  carbon. 
In  the  early  history  of  the  incandescent  electric 
lamp,  various  conductors  made  of  platinum,  irid- 
ium, and  alloys  of  these  metals,  were  employed. 
At  the  present  time  practically  all  electric  incan- 
descent lamps  are  made  of  slender  threads  or  fila- 
ments of  carbon. 

As  early  as  the  time  of  the  invention  of  the 
Leyden  jar,  it  was  found  that  the  discharge  of 
a  Leyden-jar  battery  through  thin  metallic  wires 


EARLY  HISTORY  OF  THE  INCANDESCENT  LAMP       245 

not  only  raised  such  wires  to  bright  incandescence, 
but  even  deflagrated  or  volatilized  them.     During  ^d'S^Si" 
these  deflagrations,  there  were  momentary  flashes  JfeJU/by 
of  light  produced  that  were  due  to  voltaic  arcsjjgj^" 
formed  by  the  volatilizing  of  the  metal  on  the  rup-  ^S!l^y 
turing  of  the  circuit.     Where,  however,  the  wires  SSt^ 
were  fairly  thick,  the  discharge  only  produced  light  d**^****"- 
by  incandescence.     In  this  connection  it  may  be 
mentioned  that  Van  Marum,  whom  we  have  al- 
ready referred  to  as  having  produced  a  very  large 
frictional    electric   machine,    succeeded   in   raising 
wires  of  platinum  and  other  metals  to  a  high  in- 
candescence by  the  discharge  of  his  machine.  These  van 
experiments  were  repeated  by  the  discharge  of  theS^I^^K. 
electric  currents  produced  by  voltaic  batteries.     In£SLhS^^^ 
all  of  these  experiments,  we  may  find  the  early 
germs  of  the  incandescent  electric  lamp,  although, 
of  course,  in  impracticable  forms. 

Davy,  to  whom  we  have  already  referred  in  con- 
nection with  the  history  of  the  carbon  voltaic  arc, 
succeeded,  by  the  use  of  voltaic  batteries  capable 
of  producing  powerful  currents,  in  raising  the 
temperature  of  Wires  of  iron,  silver,  gold,  and 
platinum,  to  high  electric  incandescence.     Perhaps  CMiJren's 


ezpen- 


one  of  the  nearest  approaches  to  a  metallic  incan- meats  in 
descent  electric  lamp  was  made  by  Children,  who,  Smc^" 
by  means  of  the  current  obtained  from  a  large  vol-  S>nducto«. 
taic  battery,  succeeded  in  raising  the  temperature 
of  a  fairly  thick  and  long  platinum  wire  to  bright 
incandescence.  These  experiments  were  conducted 
by  means  of  the  apparatus  shown  in  Fig.  137,  where 
the  various  wires  to  be  heated  by  the  passage  of 
the  electric  current  were  connected  to  two  upright 
metallic  rods.  In  order  to  prevent  the  wires  from 
being  all  raised  to  incandescence  at  the  same  time, 
one  end  of  each  wire  was  insulated,  so  that  the 
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battery  terminals  cotild  be  applied  successively  to 
the  different  wires.  Such  an  apparatus  only  needed 
to  be  covered  by  a  glass  globe,  in  order  to  protect 
the  wires  from  the  action  of  the  oxygen  of  the  air, 
and  of  draughts  of  air  while  at  the  high  incaiides- 


Fio.  137. — Children's  Experiments  on  Incandescence  of  Metallic 
Wires.  An  early  form  of  apparatus  in  which  metallic  wires  were  ren- 
dered incandescent  by  the  passage  of  electric  currents. 

cing  temperature,  to  produce  an  early  variety  of  the 
incandescent  lamp. 


About  the  same  time,  Wollaston,  who  had  suc- 
ceeded in  obtaining  a  very  fine  platinum  wire  some 
Ts,i^  of  an  inch  in  diameter,  raised  a  piece  of  this 
wire  to  bright  incandescence  by  the  currait  ob- 
tained from  a  single  voltaic  cell,  whose  elements 
consisted  of  copper  and  zinc.  Wollaston  obtained 
this  very  thin  wire  as  follows:  he  coated  a  fine 
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platinum  wire  with  a  covering  of  silver,  and  then, 
placing  this  compound  wire  in  a  draw-plate,  he 
drew  it  out  into  a  great  length  of  very  fine  wire, 
which  consisted  of  a  still  thinner  wire  of  platinum 
on  the  inside,  coated  on  the  outside  with  silver. 
By  immersing  this  silver-platinum  wire  in  strong 
nitric  acid,  he  dissolved  off  the  coating  of  sil- 
ver, and  thus  obtained  the  thin  platinum  wire.  By 
the  same  means  Wollaston  obtained  a  still  finer 
platinum  wire,  for  use  in  the  spider  lines,  or  wires 
of  telescopes,  to  replace  the  delicate  spider  threads. 


WoUas- 

tOII*8 

miniature 
electric  in- 
candescent 
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Fio.  X38. — De  la  Rue's  Enclosed  Incandescing  Metallic  Wire.  Note 
the  fact  that  this  form  of  incandescing  metallic  wire  gave  more  light 
both  because  of  its  spiral  form  and  from  the  fact  of  its  being  enclosed. 

In  this  way  he  formed  a  platinum  wire  of  the  sur- 
passing thinness  of  the  ru^h^n  ^^  ^^  ^^^h  in  diameter. 

A  still  nearer  approach  to  the  incandescent  elec- 
tric lamp  was  reached  when  the  wire  to  be  rendered  ^     ^ 

De  la  Rue's 

incandescent  by  the  passage  of  the  current  wasencioecd  in- 
placed,  as  shown  in  Fig.  138,  within  a  glass  enclos-  meumc 
ing  vessel,  by  means  of  which  it  might  be  protected 
from  the  air.    Such  a  vessel  was  employed  by  De 
la  Rue,  and  others,  in  their  experiments  on  incan- 
descent wires. 
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As  early  as  1845,  Gfove  discovered  tfaait  ^  quan- 
tity of  light  emitted  by  an  incandesoent  ^tinmn 
wire  varies  greatly  with  the  diaracter  and  condition 
of  the  gas  surrounding  the  glowing  plarinnni, 

Various  attempts  were  made  to  practically  em- 
fdoy  tiie  incandescence  of  metallic  wires  for  the 
production  of  light  for  artificial  illumination.  It 
was  soon  seen  to  be  necessary  to  enclose  such  wires 


Dello- 


Fio.  139. — De  Moleyn's  Incandescent  Electric  Lamp.  Note  the  fact 
that  this  early  form  of  lamp  employed  both  the  incandcKenoe  of  plati- 
nufli  wire  and  carbon. 

in  glass  globes,  from  which  the  air  had  been  re- 
ie^Tttriy  moved ;  for,  when  they  were  exposed  to  the  air, 
they  were  soon  wasted  away,  generally  by  oxidation, 
and  were  rapidly  cooled  by  the  surrounding  air. 
One  of  the  earliest  attempts  with  a  lamp  of  this 
type  was  that  made  by  Frederick  de  Moleyns,  who, 
in  1 841,  took  out  a  patent  in  England  for  an  in- 
candescent electric  lamp,  consisting  of  a  coil  of  plati- 
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num  wire,  ££,  Fig.  139,  placed  inside  a  glass  gk>be» 
AA,  from  which  all  the  air  had  been  exhausted. 
The  electric  current  was  led  into  the  lamp  globe  by 
means  of  conductors  D  and  D,  passing  into  the 
lamp  chamber  through  the  walls  of  the  globe.  De 
Moleyns'  early  form  of  lamp  did  not,  however,  de» 
pend  on  the  incandescence  of  the  platinum  wire 
only.  The  conductor  D,  in  the  upper  part  of  the 
lamp  chamber,  passed  through  a  hollow  omically- 
shaped  vessel,  that  was  filled  with  powdered  lamp-^^ 
black  or  charcoal.  When  the  platinum  wire  was^SI^^Lnd 
rendered  incandescent  by  the  passage  of  the  current,  ^SlS- 
the  powdered  charcoal  was  allowed  to  fall  by  grav-  2Sp!**"* 
ity  on  the  coils  of  the  platinum  wire,  and  was  thus 
rendered  incandescent,  greatly  mcreasing  the  amount 
of  li^t  produced.  Although  a  lamp  of  the  De  Mo- 
leyns'  type  would  not  be  practicable,  owing  to  the 
irregularities  in  its  action,  and  to  the  difficulty  of 
maintaining  the  transparency  of  the  lamp  chamber, 
yet  it  is  to  be  regarded  as  a  fair  beginning  in  the 
art  of  electric  incandescent  lamps. 

An  American  named  J.  W.  Starr  has  the  honor  of 
being  the  first  to  employ  carbon  alone  in  a  vacuous 
space  for  an  incandescent  electric  lamp.  Starr  was 
associated  with  Edward  A.  King,  an  Englishman,  invention 

f  f  .       T^       ,        «     .         rt  •      .  .of  Edward 

who  took  out  a  patent  m  England,  m  1845,  ^^  "^^  ^  ^^°^' 
own  name.    This  has  led  some  to  mistake  King  for 
the  true  inventor  of  the  carbon  incandescent  lamp, 
so  that  the  lamp  sometimes  goes  after  his  name.    It 
is  also  frequently  called  the  Starr-King  lamp.    This 
lamp  was  publicly  exhibited  in  England,  where  a 
candelabra,  with  26  of  the  Starr-King  lamps  repre- 
senting the  26  of  the  United  States  that  were  then  .j^  surr- 
in  the  Union,  gave  satisfactory  results.     The  dis-^SfJ^^ 
tinguished  Faraday,  who  saw  it,  was  much  pleased  ^^ 
with  its  operation.     Unfortunately,  Starr,  shortly 
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after  this  exhibition,  sailed  for  America,  and  died 
on  the  voyage.  His  untimely  death  seems  to  have 
put  a  stop  to  its  commercial  development 

The  Starr-King  lamp  employed  rods  of  incandes- 
cent carbon,  placed  in  a  glass  vessel,  in  which  the 
high  vacuum,  known  as  the  Torricellian  vacuum, 
existed.     In  the  specification  of  the  British  patent 
the  invention  is  thus  described: 
J??^!f^       "The  nature  of  the  invention  consists  in  the  appli- 
s^°Khig  cation  of  continuous  metallic  and  carbon  conduc- 
patent.      ^^^^^  intensely  heated  by  the  passage  of  a  current 
of  electricity   for  purposes  of  illumination.     The 
metal  found  to  be  the  most  advantageous  to  use  for 
the  purpose  is  that  which,  while  it  requires  a  very 
high  temperature  for  its  fusion,  has  but  a  feeble 
affinity  for  oxygen,  and  offers  a  great  resistance  to 
the  passage  of  an  electric  current." 

The  inventor  proposed  to  employ  platinum  or 
carbon.  The  construction  of  the  Starr-King  car- 
bon lamp  will  be  understood  from  an  examination 
of  Fig.  140.  A  glass  tube,  B,  similar  to  those  em- 
ployed in  barometers,  forms  the  upper  part  of  a 
barometer  tube,  and  has  a  Torricellian  vacuum  pro- 
duced in  it  in  the  usual  manner.  This,  as  is  well 
known,  is  a  fairly  high  vacuum.  A  is  a  piece  of 
gas-retort  carbon  that  is  to  be  rendered  incandescent 
by  the  passage  of  the  current.  The  current  is 
passed  through  the  lamp  through  the  conductors 
D  and  C,  the  column  of  mercury  in  the  barometer 
tube  acting  as  a  part  of  the  path  of  the  circuit.  This 
invention  of  Starr  discloses  a  remarkable  knowl- 
fa^too"*^  edge  of  the  subject,  considering  the  early  date  of  the 
cSliLS-^  invention.  As  already  stated,  Starr's  untimely 
*'**^!7ui"^'  death  checked  its  commercial  development.  It 
would,  however>  have  been  impossible  to  success- 
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fully  place  the  incandescent  electric  lamp  in  every- 
day use  with  no  cheaper  or  more  reliable  electric 
source  than  those  which  existed  at  this  date,  so 
shortly  after  the  invention  of  the  dynamo. 

In  1846,  William  Greener  and  William  Edwards 
Staite  took  out  a  patent  in  England  for  "Effecting 


Fia.  T10. — The  SUrr-Kins  IncuiduccDl  Lamp,  u  wbkb  carbon  «■■ 
caplD^ed.  Tbe  portion  readtrcd  Incandesctnt  bj  tbe  pasMge  of  (be 
electric  current  is  tbe  carbon  rod  A. 

the  illumination  of  public  and  private  buildings, 
streets,  squares,  and  other  public  places,  by  means 
of  solid  prisms  or  cylinders  of  carbcHi,  enclosed  "^bS",^'* 
in  air-tight  vessels  of  glass  or  some  other  trans-  <_ 
parent  substance,  and  ignited  or  rendered  luminous 
by  currents  of  voltaic  or  magnetic  electricity,  such 
carbon  being  previously  freed  iiom  the  impurities 
with  which  it  is  ordinarily  combined.    .This  lamp 
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in  many  respects  closely  resembled  the  Starr-King 
lamp. 

In  1848,  Staite,  one  of  the  inventors  of  the  pre- 
ceding lamp,  invented  an  incandescent  electric  lamp, 
in  which  strips  of  iridium,  or  alloys  of  iridium  and 
SSdScim  pl^itinum,  were  enclosed  in  glass  globes,  for  the  pur- 
uSp'idth   P^^^  ^  preventing  loss  of  heat  by  radiation,  and 
Fridium"*"   *^^^   increasing  the  temperature  of  the  glowing 
alloys.       strips,  and,  consequently,  their  light-emitting  power. 
Various  forms  were  given  to  these  electrodes.    In 


Staite*t 
triple- 
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Fig.  141. — Staite's  Platinum-Iridium  Incandescent  Lamp.  Note  this  early 
use  of  the  horseshoe  incandescing  conductor.  This  shape  avoids  the  forma- 
tion of  shadows  when  the  lamp  is  suspended,  as  in  practice. 

the  lamp  shown  in  Fig.  141,  the  glowing  conductor 
was  made  in  the  shape  of  a  horseshoe,  and  placed 
in  an  enclosing  globe  of  the  shape  shown.  A  triple 
burner  lamp  was  also  formed,  as  shown  in  Fig.  142. 
The  inventor  describes  this  latter  lamp  as  follows: 
"Fig.  26  [our  Fig.  142]  represents  a  triple  elec- 
trode suspending  lamp.  Each  electrode  is  indepen- 
dent of  the  others,  and  insulated  as  before.  A  bat- 
tery for  working  this  lamp  is  divided  into  three 
parts,  one  for  each  electrode.    One  wire  for  the  re- 
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turn  current  (which  may  be  fixed  to  the  lamp  or  any 
part  of  the  metallic  tube  by  which  it  is  suspended) 
is  sufficient  for  all  three  electrodes,  but  each  elec- 
trode is  rendered  luminous  by  completing  the  cir- 
cuit of  that  particular  electrode,  as  before  described/' 

In  1850,  Floris  Nollet  invented  a  form  of  incan- 
descent lamp  in  which  the  light  was  obtained  by 
the  incandescence  of  charcoal,  placed  inside  a  globe 


Fza    142, — Staite's  Triple   Burner   Incandescent   Electric  Lampi    Hers 
the  horsethoe^liaped  conductors  irere  employed. 

of  glass,  and  roughened  on  the  inside,  in  order  to 
disperse   the   light   and    soften    its   intensity.      A^^^^,^ 
vacuum  was  maintained  in  the  globe.    Nollet's  lamp  3^ 
was,  in  reality,  a  species  of  semi-incandescent  lamp.  Jj^tdS 
Here  a  conductor,  formed  of  a  slender  pencil  of '^'■■^ 
charcoal,  was  rendered  incandescent  by  the  passage 
of  the  current  through  it;  but  the  greatest  pro- 
portion of  light  was  that  emitted  at  the  end  of  such 
pencil,  where  it  was  pressed  against  a  cone  of  char- 
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coal.  The  general  arrangement  of  NoUet's  early 
form  of  lamp  is  shown  in  Fig.  143.  Nollet  thus  de- 
scribes this  part  of  his  invention: 

"When  it  is  desired  to  light  by  means  of  the  in- 
candescence of  charcoal,  I  employ  an  arrangement 
of  apparatus  similar  to  that  which  is  represented  in 
Fig.  10  [our  Fig.  143].  A  is  a  globe  of  glass,  which 
may,  if  desired,  be  ground  or  obscured  on  the  in- 
side, in  order  to  disperse  and  soften  the  intensity  of 
the  light.    The  stopper  B  of  this  globe  is  very  care- 


FiG.  143. — NoUefs  Early  Form  of  Semi-incandescent  Electric  Lamp. 
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carbon. 


fully  luted,  and  two  insulated  polar  wires,  P  and  N, 
of  about  two  millimetres .  in  diameter,  are  passed 
through  it.  One  of  these  wires  is  soldered  to  the 
side,  and  toward  the  upper  end  of  a  copper  tube  C, 
of  about  one  decimetre  (about  four  inches)  in  length. 
This  tube  is  intended  to  hold  a  little  cylinder  of 
charcoal,  which  is  kept  constantly  pushed  down 
from  above  by  a  small  cylinder  of  lead,  which  is  of 
a  weight  adjusted  to  the  purpose.  The  other  polar 
wire  comes  out  under  the  lower  end  of  this  tube  at 
about  one  centimetre  (about  four-tenths  of  an  inch) 
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distance  from  its  extremity,  and  terminates  in  a  little 
cone  D,  of  prepared  charcoal  or  coke,  and  against  Noiicfs 
the  tOR  of  which  the  little  charcoal  cylinder  E  rests,  f^f' 
which,  when  the  current  is  established,  becomes  in-*^^*"P- 
candescent,  and  remains  in  that  state  a  very  long 
time,  because  the  small  portions  which  are  con- 
sumed are  continually  replaced  by  a  portion  of  the 
cylinder  which  the  metal  presser  forces  on  to  the 
top  of  the  cone.    A  tube  of  glass,  or  other  suitable 
substance,  also  passes  through  the  stopper,  and  ad- 
mits of  its  being  connected  to  the  pneumatic  re- 
ceiver in  order  to  create  a  vacuum  in  the  globe. 
The  tube  is  afterward  cut  and  hermetically  sealed, 
in  order  to  prevent  the  re-entry  of  air." 

Another  lamp  in  which  incandescent  carbons 
were  placed  in  a  vacuous  glass  globe  was  invented 
by  Martyn  John  Roberts.  The  incandescent  car- 
bon was  made  of  "a  piece  of  very  thin  graphite,  Robertfs 
about  J4  an  inch  long,  and  J4  an  inch  wide,  and  as  SSuaSp. 
thin  as  conveniently  can  be  made."  In  order  to 
increase  the  brilliancy  of  the  light  by  means  of  an 
increase  in  temperature,  Roberts  placed  a  piece  of 
lime,  so  that  it  could  be  heated  by  the  glowing  con- 
ductor.    Roberts  thus  describes  his  invention: 

"I  have  discovered  that  flame,  or  the  combus- 
tion or  volatilization  of  some  substances  between  or 
on  the  points  of  the  electrodes,  will  very  much  in- 
crease the  light  produced  by  an  electric  lamp.    Thus, 
if  a  candle  or  lamp  be  placed  so  that  its  flame  shall  dMcnJ 
pass  between  the  points  of  the  electrodes,  the  bril- ilS^deai 
liancy  of  the  light  evolved  between  the  electrodes^"    '^' 
will  be  increased;  and  if  lime  or  any  other  alkaline 
earth  be  interposed  between  the  points  of  the  elec- 
trodes when  the  lamp  is  in  action,  the  brilliancy  of 
the  light  evolved  will  be  very  greatly  increased. 
When  I  intend  lime  to  be  interposed  between  the 
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• 
electrodes  in  this  manner,  I  prefer  to  effect  that  ob~ 

ject  in  the  same  manner  as  lime  is  introduced  be- 
tween two  jets  in  what  is  usually  called  the  Drum- 
mond  light    I  prefer,  however,  to  produce  the  same, 
or  nearly  the  same,  effect  by  a  new  description  of 
electrode,  which  I  make  by  mixing  the  material  of 
to^cSeue  which  the  electrodes  may  be  composed  with  a  por- 
MUght      tion  of  lime  or  other  alkaline  earth  (I  have  used 
given  off.    about  fivc  per  cent  of  lime  with  success),  taking  care 
not  to  introduce  as  much  as  will  materially  diminish 
the  power  of  the  electrodes  to  conduct  electricity." 

In  1856,  John  Thomas  Way  invented  a  very 
curious  form  of  incandescent  lamp,  in  which  mer- 
way»i  cury  was  permitted  to  flow  in  a  slender  stream 
S^^  through  orifices,  so  as  to  fall  either  on  a  steel  point, 
or  on  the  surface  of  a  mass  of  mercury.  The  pas- 
sage of  the  current  volatilized  and  ddlagrated  the 
mercury,  which  formed  the  source  of  light.  This 
lamp  was  surrounded  by  a  glass  globe,  in  order  to 
prevent  the  escape  of  the  poisonous  mercury  fumes. 
It  is  hardly  necessary  to  say  that  this  form  of  lamp 
was  not  successful. 

It  was  about  1857  that  considerate  excitement 
was  aroused  in  France  by  an  announcement  made  to 
the  French  Academy  of  Sciences,  by  Jobard,  the  di- 
rector of  the  Industrial  Museum  of  Belgium,  that 
ctoi^y  a  person  named  De  Changy  had  solved  the  problem 
SS^  of  successfully  dividing  the  electric  light,  and  had 
obtained  from  a  battery  of  twelve  Bunsen  cells 
twelve  incandescent  lamps  of  great  steadiness,  that 
were  entirely  independent  of  one  another.  De 
Changy 's  lamp  is  shown  in  Fig.  144.  This  lamp 
employed  a  platinum  spiral,  enclosed  in  a  glass 
globe,  in  which  a  vacuous  space  was  maintained. 
There  is  nothing  in  this  lamp  that  would  seem  to 
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warrant  the  extravagant  statements  that  were  made 
concerning  its  success,  nor  does  it  seem  to  have  been 
employed  to  any  extent    A  somewhat  similar  lamp 
was  patented  in  the  United  States,  in    1858,  by^^j-^^^ 
Samuel  Gardiner  and  Levi  Blossom,  of  New  York  J^^jijjj^ 
City.     This  lamp  consisted  of  a  signal  lantern,  ini^t^ 
which  a  coil  of  platinum  wire,  placed  inside  the 


lantern,  was  rendered  incandescent  by  the  passage 
of  an  electric  current. 

In  1862,  Morris,  Weare  and  Monckton  took  out 
an  English  patent  for  an  electric  lamp,  in  which  anAoe»rir 
attempt  was  made  to  obtain  light  for  purposes  of  "b^^J^p. 
illumination  by  means  of  the  passage  of  electric  dis- 
charges through   vacuum  tubes  containing  vapors 
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or  gases.    The  foUowisig  descriptic»i  is  given  of  this 
inv^ition : 

'The  vapor  or  gas  used  is  then  to  be  exhausted 
£rom  the  tube  till  a  pvofec  vacuum  is  obtained  to 
permit  the  electricity  to  flow  freely  from  points  of 
platinum  or  other  wires  at  each  end  of  the  tubes 
and  within  them.  The  tubes  are  then  to  be  hermeti- 
cally sealed,  when  they  will  continue  constant  in 
their  action,  and  variously-colored  lights  will  also 
be  produced  by  the  passage  of  electricity  through 
them.  The  tubes  or  vessels  may  be  furnished  with 
glass  letters  of  various  colors  fixed  thereon,  or  en- 
tire words  and  sentences,  in  order  to  aflford  signals. 
Morris,  By  causing  the  electric  current  (by  preference  pro- 
SiSStoSsduced  and  induced  by  means  of  our  batteries  and 
ofthS^**  induction  coils)  to  pass  through  the  tubes  in  one 
t?teiunp.  direction  we  produce  a  light  or  lights  of  a  certain 
color  or  colors,  and  by  reversing  or  otherwise 
changing  the  direction  of  the  current,  we  produce 
a  light  or  lights  of  a  different  color  or  colors.  By 
a  suitable  arrangement  with  regard  to  the  produc- 
tion and  repetition  of  these  various  colored  lights 
in  the  tube  or  tubes  or  vessels,  a  code  of  letters, 
words,  or  signals  may  be  established,  and  subma- 
rine, aerial,  or  underground  telegraphic  communi- 
cation effected.  The  necessary  electricity  may  be 
obtained  from  the  magneto-electric  machine  and 
other  sources,  but  we  prefer  to  employ  a  voltaic  bat- 
tery with  an  induction  coil.  The  electric  current 
may  be  ccmveyed  to  and  from  the  apparatus  by 
means  of  submarine  or  other  wires  or  cables,  ac- 
cording to  circumstances." 

From  1862  until  1872,  the  failures  of  previous 
inventors  to  produce  any  commercially  successful 
incandescent  lamp  appear  to  have  discouraged  any 
further  attempts  until  1872,  when  a  Russian  phys- 
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icist  named  Ladiguine  again  took  up  the  problem  Prize 
and  made  a  carbon  lamp  that  gave  such  promise  Ladixuine^ 
of  success  that  he  was  awarded  a  prize  by  the  St.  i»n*toa[n- 
Petersburg  Academy  of  Sciences.  liSS" 

Ladiguine's  English  patent  on  this  lamp  is  dated 
December  i6,  1872,  and  is  taken  out,  as  is  not  un- 
common in  English  practice,  in  another  name;  viz., 
that  of  Stanislas  Konn.  Ladiguine's  invention  is 
thus  described: 

"One  or  more  of  the  conductors,  which  are  pref- 
erably of  graphite,  are  enclosed  in  a  species  of 
lantern  hermetically  closed  and  filled  with  nitrogen 
or  other  gas  that  does  not  support  combustion,  and 
are  maintained  therein  by  any  convenient  method  of 
support.  To  produce  the  electric  current  an  ordi- 
nary magneto-electric  machine,  such  as  those  of 
Wilde,  Noble,  and  others,  is  employed,  and  the  cur- 
rent is  led  into  the  lantern  by  means,  of  a  wire  to 
one  of  the  graphite  conductors  (when  the  lantern 
contains  more  than  one),  and  in  passing  through Jgon't 
the  conductor  the  electricity  heats  it  to  redness,  and  f^^^,^ 
causes  it  to  give  out  a  brilliant  light.  The  current  >^p- 
is  then  led  to  the  second  graphite  conductor,  and 
passing  through  that,  producing  a  similar  effect,  is 
led  to  a  third,  and  so  on  until  all  the  conductors  in 
the  particular  lamp  have  been  illuminated,  when  the 
current  is  led  to  those  in  the  next  lamp,  and  so  on 
to  the  end  of  the  series,  which  may  consist  of  hun- 
dreds of  conductors  or  lamps." 

One  form  of  Ladiguine's  lamp  is  shown  in  Fig. 
145.  Here  the  carbon  is  employed  in  a  V-shaped 
piece  b.  The  electric  current  passes  down  one  side 
of  the  V  and  up  the  other  side,  by  means  of  the 
conductors  rf,  d.  The  globe  f  is  filled  with. nitro- 
gen gas,  or  other  gas  incapable  of  supporting  com- 
bustion. 
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In  awarding  to  Ladiguine  the  prize  of  the  St. 
Petersburg  Academy  of  Sciences,  above  mentioned, 
the  Russian  physicist,  Wilde,  thus  refers  to  the  ad- 
vantages to  be  derived  from  the  use  of  csabon  for 
the  incandescent  conductors  of  electric  lamps: 
''Carbon  has  at  equal  temperature  a  greater  radiat* 
^e^^n.  ing  power  than  platinum,  its  thermal  capacity  is 
Si^'for  mudi  smaller,  so  that  tiie  same  amount  of  heat  raises 
a  carbon  filament  to  a  much  higher  temperature  than 
a  platiniun  wire.     Moreover,  the  electrical  resist- 


incandes- 
cinir  con- 
ductor!. 


Fio.  145. — ^Ladiguine  Carbon  Incandescent  Lamp.  Note  here  again 
the  horseshoe  form  of  incandesdng  conductor,  thus  avoiding  shadows  in 
the  space  below  the  lamp. 

ance  of  carbon  is  about  250  times  greater  than  that 
of  platinum:  the  carbon  may  therefore  be  made 
larger  while  raising  the  temperature  as  much  as 
the  metal.  Finally,  carbon  is  infusible,  and  its  tem- 
perature may  be  raised  without  any  danger  of 
fusion.'* 


Ladiguine's  invention  was  brought  to  Paris  by 
Stephan  KosloflF,  another  Russian,  who  made  some 
improvements  in  the  construction  and  operation  of 
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the  hxnp,  and  took  out  a  patent  for  the  same. 
Among  other  improvements,  Kosloff  introduced  a{^^|^ 
method  of  rarefying  the  gas  in  the  globe  by  theg^^.. 
heat  of  the  incandescing  carbon.    The  expanding'***^ 
gas  passed  through  a  valve  placed  tn  the  globe^ 
which  valve  was  afterward  kept  closed  by  the  pres- 
sure of  the  atmo^here.     The  small  quantity  of 
oxygen  in  the  air  remaining  in  the  globe  was  soon 
converted  into  an  oxide  of  carbon,  by  combining 
with  a  part  of  the  carbon.     Neither  Ladiguine's 
nor  KoslofTs  lamp  attained  much  success. 

A  weak  point  in  the  construction  of  many  of  the 
early  incandescent  electric  lamps  was  where  theKiMioir» 
copper  or  other  wires  inside  the  lamp  globe  led  the  j^^f  ^' 
current  into  the  glowing  carbon.    The  wires  tended  wS^*^ 
to  become  so  hot  at  these  points  that  they  were  f re-  oonducton. 
quently    melted.      Kosloff,    like    other    inventors, 
avoided  this  difficulty  by  greatly  increasing  the  di- 
ameter of  the  carbon  at  the  ends  where  it  was  ccm-  . 
nected. 

A  carbon  incandescent  electric  lamp,  very  similar 
to  that  of  Ladiguine  and  Kosloff,  was  invented  in 
i875,by  another  Russian,  named  Stanislas  Konn.  In 
all  these  early  forms  of  carbon  incandescent  electric 
lamp,  where  a  powerful  current  was  passed  through  muiu- 
the  carbons  in  order  to  obtain  a  very  high  incandes-  caodescmt 
cence,  and,  consequently,  great  intensity  of  light,     ^ 
the  carbons  were  rapidly  consumed.  In  some  of  the 
lamps  already  described,  a  number  of  separate  car- 
bons were  placed  in  the  same  lamp  chamber,  so 
connected  that  when  one  rod  was  consumed  the 
current  was  automatically  passed  through  another 
rod.     Konn's  lamps  contained  this  feature,  as  will 
be  seen  from  an  examination  of  Fig.  146,  where  two 
separate  carbon  rods  £  are  placed  between  the  ter- 
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minals  F  and  D.  It  will  be  noticed  that  these  rods 
^th^SSS^'^  of  greater  area  of  cross-section  at  their  ends, 
E^^lSj;  O,  O,  in  order  to  prevent  the  great  heat  of  the  car- 
bons at  E  from  melting  or  otherwise  destroying  the 
conductors  F  and  D.  The  enclosing  glass  vessel  B 
is  made  air-tight  at  its  base  A,  by  being  screwed 
against  a  rubber  washer,  and  is  exhausted  throu^ 
the  tube  K.    The  terminals  of  the  lamp  are  at  N, 


Pio.  14S. — Kono*!  Uulti-cai 
CmidDTed  for  AutonuticaLly  t 
rod  when  consumed  to  the  otlKr. 

and  at  a  binding  screw  connected  with  A,  which 
passes  through  an  insulating  tube  in  the  lamp  base. 
When  the  carbon  rod  E  is  consumed,  a  metallic  bar 
I,  shown  in  the  figure  as  resting  on  F,  falls  into  con- 
tact with  the  metallic  rod  connected  with  the  upper 
end  of  the  second  carbon,  shown  on  the  left  of  E. 

Another  method  of  prolonging  the  life  of  a  car- 
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lion  incandescent  lamp  was  invented  in  1876,  hy^S^^i^ 
Boulyguine.  Here  a  long  slender  carbon  pencil  was^^^^^ 
automatically  fed,  as  it  was  gradually  consumed,  H'^^l^'ia. 
against  a  thick  piece  of  carbon.  This  movement  was^^^H*^' 


Fm.    147. — BooljcotM^*  Ccotinnan*  Ctibon   Feed  IncradtMCDt   Liap, 

obtained  by  the  action  of  wdghts.     The  general 
appearance  of  the  lamp  is  seen  in  Fig.  147. 

In  addition  to  the  early  work  done  t^  Starr  on 
the  carbon  incandescent  lamp,  very  impCHtant  work 
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was  accomplished  between  1878  and  1879,  and  after- 
ungiish«i  ward  by  four  American  inventors,  to  whose  work 
imndi.^"  we  must  give  some  little  attention  before  closing  this 
lamps,  exceedingly  brief  history  of  the  early  state  of  the 


cent 


Sawyer- 
Mann 
electric 
lamp. 


arc. 


In  1879,  Moses  Farmer,  of  the  United  States 
Naval  Station  at  Newport,  produced  the  form  of 
lamp  shown  in  Fig.  148,  where  a  thin  strip  of  carbon 
is  suitably  supported  inside  an  exhausted  glass  globe, 


Fia  148. — Farmer's  Incandescent  Electric  Lamp. 

between  two  large  metallic  blocks,  the  leading-in 
wires  passing  into  the  lamp  through  insulated  tubes 
placed  in  the  lamp  base.  Farmer  lighted  a  private 
residence  at  Newport  with  42  lamps  of  his  con- 
struction. 

About  the  same  time,  two  other  Americans,  Wil- 
liam Sawyer  and  Albon  Mann,  produced  a  carbon 
lamp  in  which  an  incandescing  conductor  was  placed 
inside  a  globe  filled  with  nitrogen  gas.  As  in  the 
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Ladiguuie  and  Kotui  lan^s,  as  that  portion  of  the 
carboD  paicil  which  is  rendered  incandescent  t^  the 
passage  of  the  current  was  gradually  consumed,  it 
was  replaced  by  a  fresh  porticm  of  the  cartion,ttf  ^^^' 
pressed  upward  against  a  contact  block  of  carbcm^^^E^ 
placed  in  the  upper  part  of  the  lamp  chamber.    The  ^"^ 
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general  construction  of  this  form  of  lamp  ts  shown  in 
Fig.  149.  The  leading-in  wire  was  made  of  heavy 
conductors  bent  as  shown  to  ensure  extended  radiat- 
ing surfaces.  The  lamp  chamber  was  sufficiently 
long  to  permit  of  the  en^loyment  of  a  carbon  pencil 
8  inches  in  length.     In  1880,  Sawyer  and  Mann  took 
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out  a  patent  for  a  lamp  in  which  a  structural  car- 
bon, %,€.,  a  carbon  made  from  a  carbonized  material 
possessing  a  definite  structure  prior  to  its  carboniza- 
tion, was  employed. 

Another  American  who  took  up  the  problem  of 
^i^work  the  incandescent  electric  lamp  at  about  this  time  was 
2?nd4ieit  one  who,  probably,  more  than  any  other  single  man, 
SSp!**^      made  it  a  commercial  success.     This  was  Thomas 
A.  Edison,  known  all  over  the  world  not  only  for 
his  great  genius,  but  also  for  his  untiring  persever- 
ance in  any  field  of  practical  research.     Edison's 
first  attempts  were  made  with  lamps  in  which  va- 
rious forms  of  platinum  and  other  metallic  wires 
were  employed.    Like  other  inventors,  Edison  made 
his  platinum  conductors  in  the  shape  of  spirals, 
since,  as  is  very  well  known,  the  loss  of  heat  is  much 
less  in  the  form  of  a  close  spiral  than  with  the  same 
length  of  wire  in  the  form  of  a  straight  conductor. 
This  may  be  readily  shown  by  sending  a  current 
through  a  platinum  spiral  until  bright  incandescence 
p^M  for  is  reached,  and  then  slowly  drawing  the  spiral  out  in^ 
pUuSS*^  to  the  form  of  a  straight  wire,  when  the  greater  loss 
for  lamp.    ^£  j^^^  ^j jj  ^^gc  such  a  lowcriug  of  the  temperature 

that,  instead  of  shining  with  bright  incandescence, 
the  wire  will  now  have  only  a  reddish  glow.    Edi- 
son did  not  achieve  any  success  in  this  form  of  lamp. 
Difficulties  arose  from  the  short  life  of  the  lamps 
when  sufficient  current  was  sent  through  the  spirals 
to  produce  high  incandescence.     During  these  in- 
vestigations, Edison  greatly  increased  the  safe  tem- 
perature to  which  such  lamps  could  be  exposed,  by 
Edison's     previously  treating  the  platinum.     This  treatment 
wt-o'Sffor  consisted  in  subjecting  the  platinum  to  prolonged 
fn?indS-    heating   in   a   vacuous   space,   so  as   to  drive  of? 
cent  lamps,  ^j^^   ^^^   absorbcd   by   it.    He   also   introduced   an 

automatic  cut-out  into  the  lamp,  operated  by  the  ex- 
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pansion  of  a  metal  rod  that  was  heated  by  the  in- 
candescing wire  when  its  temperature  reached  the 
danger  point.  Notwithstanding  these  improve- 
ments, it  soon  became  evident  to  Edison  that  he 
must  seek  some  more  suitable  material  than  plati- 
num, and  we,  therefore,  soon  find  him  working  in 
carbon. 

In  1879,  £^ison  made  the  famous  horseshoe  car- 
bons of  carbonized  paper,  that  created  such  an  in-^^°*' 
tense  excitement  throughout  America  and  Europe.**''^"' 
The  belief,  which  was  then  general,  that  the  prob- 
lem of  a  practical,  small  electric  light  was  then 
completely  solved,  caused  a  great  depression  in  the 
value  of  gas  stocks  in  different  parts  of  the  world, 
the  belief  being  that  the  new  illuminant  would  en- 
tirely displace  and  render  valueless  gas  lights.    AsHowim. 
we  now  know  by  expenence,  an  improvement  m  in  one  form 
one  kind  of  artificial  illumination,  so  far  from  driv-  •timuute* 
ing  out  pre-existing  forms,  tends  rather  to  improve-  menS^n 
ments  in  such  forms.    This  has  been  the  case  with  ^  ^  ^'"^ 
electric  lighting  and  gas  lighting.    Gas  lighting  to- 
day, in  the  form  of  the  Welsbach  mantle,  has  pro- 
duced a  lamp  which,  in  its  sphere  of  operation,  is 
a  formidable  rival  of  incandescent  lighting. 

Edison  first  obtained  his  horseshoe  carbon  con- 
ductors by  cutting  thin  sheets  of  paper  into  the^^  ^^ 
form  of  small   horseshoes,   and  then  carbonizing  g[J^^«- 
them,  that  is,  subjecting  them  to  the  prolonged  2[,^^jJ 
action  of  heat  while  out  of  contact  with  air.     In 
this  manner,  all  the  volatile  portions  of  the  paper 
were  driven  out,  and  the  carbon  remained  in  the 
form  of  a  fragile  horseshoe.    This,  when  placed  in- 
side a  glass  globe  from  which  all  the  air  had  been 
removed,  and  rendered  incandescent  by  the  passage 
of  a  current,  formed  what  may  be  regarded  as  the 
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beginning  of  the  incandescent  electric  lamp  as  it 
exists  to-day. 


of  paper- 

caroo 

Ump. 


The  lifetime  of  this  early  lamp  was  exceedingly 
Brirf  ttte  )ynei.  The  paper  carbon  was  rapidly  destroyed. 
Edison,  therefore,  sought  for  a  better  material  from 
which  to  produce  his  carbon  filaments  by  the  car- 
bonizing process.  In  1880,  he  took  out  a  patent  for 
the  use  of  bamboo  fibres  for  this  purpose.  In  the 
production  of  the  delicate  thread,  or  filament,  as  it 
is  generally  called  to-day,  the  bamboo  was  cut  into 
strips,  and  after  the  hard  external  covering,  to- 
gether with  the  softer  interior  coating,  had  been  re- 
moved, the  strips  of  the  fibrous  parts  were  cut  into 
slender  rods  of  uniform  thickness,  excq>t  at  the 
J^gJ^»     ends,  which  were  left  of  increased  area  of  cross- 


carbons. 


Fia   150. — The  Bamboo  Filament    Note  the  increaaed  area  of  croH- 

section  of  the  ends  of  the  filament. 


section,  producing  the  shape  of  the  bamboo  filament 
shown  in  Fig.  150.  This  filament  was  then  carbon- 
ized in  the  usual  manner,  by  prolonged  exposure  to 
heat  while  out  of  contact  with  air.  The  straight 
filament  was  then  bent  into  a  horseshoe  form,  and 
placed  inside  a  glass  globe  containing  a  vacuum. 
Such  filaments,  when  subjected  to  additional  proc- 
esses, which  will  be  shortly  described,  produced  the 
commercially  successful  lamp  that  was  in  general 
use  up  to  a  few  years  ago. 

About  the  same  time,  that  is,  toward  the  close  of 
Work  of  1878,  St.  George  Lane  Fox  was  working  in  Eng- 
Lan^lK?  "^^^  t^  produce  a  practical  incandescent  electric 
jTcSSf'  lamp.  At  first  he  employed  alloys  of  platinum  and 
ugbting.     iridiujn,  placed  inside  a  glass  globe  containing  a 
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vacuum.  Fox  carefully  studied  the  methods  for 
the  electrical  distribution  of  the  lamps  over  the 
space  to  be  lighted,  and  for  the  regulation  and 
measurements  of  the  currents  employed.  Failing 
to  produce  practical  lamps  by  metallic  wires,  he 
afterward,  like  other  inventors,  found  a  better  ma- 
terial in  incandescing  carbon.  Like  Sawyer  and 
others,  in  some  of  his  lamps  he  surrounded  the 
incandescent  conductors  by  an  atmosphere  of 
nitrogen. 

As  soon  as  it  became  evident  that  a  practical  car- 
bon incandescent  electric  lamp  could  be  produced, 
numerous  improvements  were  made  in  various  parts  SSSS?** 
of  the  world.    Some  of  these  improvements  we  will  S^iS** 
shortly  describe.     Sufficient  has  been  said  to  showSitoSat 
how  here,  as  in  all  great  inventions,  the  combined  *"^*"**^"' 
efforts  of  many  workers  were  necessary  before  the 
present  practical  incandescent  carbon  electric  lamp 
was  evolved. 
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CHAPTER  XVIII 


PHYSICS    OF    THE    INCANDESCENT    LAMP 

"Even  the  fire-flies'  secret,  could  man  once  penetrate  it, 
might  not  prove  such  a  valuable  acquisition  as  it  would  seem 
at  first  thought  To  the  eye,  the  light  of  most  species  seems 
greenish,  and,  in  point  of  fact,  it  so  completely  lacks  the  full 
red  and  the  violet  rays  that  its  effect  as  an  illuminant,  on  a 
large  scale,  would  be  most  disagreeable  ."'—rAtf  Art  of  lUufm- 
nation:   Dr.  Louis  Bell 

EFORE  discussing  the  incandescent  electric 
lamp  as  it  is  made  to-day,  it  will  be  neces- 
sary to  consider  some  of  the  more  impor- 
SjtwS^^"  tant  principles  of  physics  that  enter  both  into  its 
tocSSf^d  construction  and  operation.    It  may  be  well  to  call 
desctog"'   attention  here  to  the  fact  that  we  shall  use  the  word 
uS^J^^      incandescent  lamp,  limiting  it  to  a  lamp  which  is 
capable  of  being  rendered  incandescent  by  the  pas- 
sage of  the  current,   and  the  word  incandescing 
lamp,  limiting  it  to  a  lamp  that  has  actually  been 
rendered  incandescent,  that  is,  a  lamp  that  is  glow- 
ing, or  through  which  the  electric  current  is  passing 
in  proper  amount. 


Efficiency 


In  the  first  place,  it  should  be  remembered  that,  in 
the  incandescing  electric  lamp,  as  in  the  glowing 
a^"cm^^  carbon  arc  in  the  arc  lamp,  the  amount  of  light 
filament,  emitted  increases  very  rapidly  with  the  tempera- 
ture. Consequently,  the  quantity  of  light  depends 
on  the  temperature  of  the  filament.  A  high  tem- 
perature of  the  incandescing  filament  is,  therefore, 
requisite  to  increase  the  candle-power  of  the  light 


PHtSWB    OP   THE   INCANDEBOENT   LAMP  271 

emitted.  It  is  for  this  reason  that  incandescent 
electric  lamps,  whose  filaments  are  made  of  metal 
spirals,  are  less  efficient  than  those  made  of  the 
highly  refractory  substance  carbon,  since  their  tem- 
perature is  limited  by  their  lower  fusing  points. 

But  the  mere  quantity  of  light,  that  is,  the  inten- 
sity of  illumination,  or  the  candle-power,  of  an 
incandescing  lamp,  is  not  the  only  reason  for  de- 
manding a  high  temperature  of  its  filament.     Thcfik^^^ 
daylight-value  of  the  light,  or  the  degree  to  which  2lnde?" 
the  light  of  the  incandescing  lamp  approaches  in  its ^uidbe 
colors  to  those  emitted  by  ordinary  sunlight,  is  aE^hlem* 
matter  of  great  importance  in  any  artificial  illumi- ***'*'"'*' 
nant.      When    the   current    of   electricity   passing 
through  a  slender  rod  of  carbon  is  gradually  in- 
creased in  strength,  the  carbon  at  first  glows  with 
a  dull  red  light,  the  rays  it  emits  containing  mainly 
the  red  colors  or  rays  of  the  solar  spectrum.     As 
the  current  increases,  the  glowing  carbon  emits, 
along  with  the  red  rays,  some  of  the  yellow  and 
orange  rays,  that  are  found  in  sunlight.  .  If  the  tem- 
perature of  the  filament  is  stopped  at  this  point,  al- 
though the  light  emitted  by  the  glowing  carbon  may 
suffice  for  the  general  purposes  of  disclosing  the  out- 
lines or  shapes  of  bodies,  yet  it  would  be  valueless  to 
disclose  the  true  color  values  of  bodies,  which,  when 
illumined  by  sunlight,  emit  rays  containing,  along 
with  other  colors,  the  blue,  the  indigo  and  the  violet 
tints  of  daylight. 

An  incandescing  lamp,  whose  filament  has  only 
received  an  amount  of  current  capable  of  producing 
the  red,  the  yellow,  and  the  orange  tints,  while 
capable  of  giving  the  true  color  values  of  bodies 
which,  when  illumined  by  sunlight,  emit  colors  con- 
sisting mainly  of  mixtures  of  red,  yellow  and  orange 
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rays,  would  be  incapable,  as  above  explained,  of  dis- 
closing the  valtie  of  bodies  containing  the  other 
colors  of  the  spectrum.     G>nsequently,  unless  the 
filament  of  an  incandescing  lamp  is  heated  to  the 
temperature  of  whiteness,  it  can  not  possess  true 
sunlight  values.     Now  this  temperature  is  practi- 
cally impossible  to  be  maintained,  even  in  the  best 
carbon  incandescent  lamps.     The  daylight  values 
of  such  lamps  when  in  operati<xi  can,  therefore, 
^StiiS^   never  equal  those  of  the  arc  lamps,  which,  as  we 
eq^i^4.    bave  seen,  are  raised  in  the  craters  of  the  positive 
^SSi^    carbons  to  the  highest  temperature  to  which  carbon 
inteoikT.    ^j^  j^  heated,  %,e.  to  the  temperature  of  its  boiling 
point.    Even  in  the  best  incandescent  electric  lamps, 
the  spectrum  shows  a  preponderance  of  mixtures  of 
the  red,  yellow  and  orange  rays,  and  is  markedly 
deficient  in  the  blue  and  violet  rays.     Where  it  is 
especially  desired  that  the  daylight-value  of  the  in- 
candescing lamp  shall  approach  as  nearly  as  pos- 
sible that  of  sunlight,  it  is  necessary  slightly  to  in- 
crease the  E.M.F.  to  which  the  lamp  terminals  are 
subjected,    and   thus,    by    increasing   the    current 
strength  passing  through  them,  to  increase  their 
temperature.    Under  these  circumstances,  the  lamp 
Effect  of     will  acquire  a  greater  efficiency,  that  is,  will  pro- 
^^mxL^'  duce  a  greater  amount  of  light  or  higher  candle- 
dcK^raM.    power  for  the  expenditure  of  a  certain  amount  of 
energy.    But,  at  the  same  time,  the  life  of  the  lamp 
will  be  necessarily  decreased  and  lamp  renewals 
must  be  made  more  frequently.     The  advantages, 
however,  under  certain  circumstances,  of  obtaining 
light  values  more  nearly  approaching  those  of  day- 
light may  more  than  compensate  for  the  decrease 
in  the  length  of  the  life  of  the  lamp. 

Since  the  character  of  the  light  emitted  by  an  in- 
candescing filament  depends  on  its  temperature,  it 
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is  necessary  that  the  temperature  of  the  filament  be 
the  same  throughout  all  portions  of  its  length; 
otherwise,  some  portions  will  be  at  a  high  tempera- 
ture, while  other  portions  are  scarcely  luminous. 
Such  a  filament  will,  necessarily,  be  extremely  ineffi- 
cient ;  for,  should  the  temperature  of  the  filament  be 
raised  in  order  to  cause  the  portions  of  low  tempera-  iSST^a*^ 
ture  to  emit  light,  the  other  portions  will  become  oi^tty 
too  highly  heated,  and  the  Ufe  of  the  filament  will,  ^^^'^^ 
consequently,  decrease.  Since  the  temperature  of  a 
filament  depends  on  the  resistance  of  its  various  por- 
tions, it  is,  of  course,  necessary  that  it  should  have 
throughout  its  entire  length  the  same  area  of  cross- 
section.  It  must,  therefore,  be  made  of  a  substance 
that  can  be  readily  obtained  of  a  uniform  electric 
resistance  throughout  all  portions  of  its  length. 

In  considering  the  temperature  to  which  a  fila- 
ment can  be  raised  by  the  passage  of  an  electric 
current,  reference  must  be  had  to  the  opportunities 
which  are  afforded  for  its  cocking,  and  its  conse- 
quent lowering  of  temperatvure.     The  only  means 
afforded  in  the  modem  incandescing  electric  lamp 
for  the  carrying  off  of  its  heat  by  conducticm  is 
through  the  slender  leading-in  wires,  employed  forBntimau 
carrying  the  current  into  the  lamp.    These  are  evi-2iheato£ 
dently  of  too  small  cross-section  to  carry  off  muchioS^* 
heat.    Moreover,  means  are  always  adopted  to  pre-*^  " 
vent  these  wires  from  acquiring  a  high  temperature, 
and,  in  addition,  the  filament  itself  is  supported  on 
glass,  a  fairly  good  non-conductor  of  heat.    If  the 
glass  globe  were  filled  with  air  or  other  gas,  a 
fairly  considerable  portion  of  the  heat  from  the 
glowing  filament  would  be  carried  to  the  walls  of 
the  glass  globe,  and  through  them  to  the  surround- 
ing air,  by  means  of  currents  set  up  in  the  air  within 

the  globe  surrounding  the  glowing  filament.    When 

Vol.  n.— 18 
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such  air  becomes  heated  by  contact  with  the  glowing 
b/Scrtton  filament,  it  is  set  in  motions  resembling  the  winds 
S^p  globe,  on  the  earth,  and,  by  coming  in  contact  with  the 

walls  of  the  globe,  carries  off  the  heat  in  this  way. 

Such  a  loss  of  heat  must  necessarily  be  attended 

by  a  decrease  in  the  quantity  of  light  emitted  by  the 

glowing  filament. 

As  we  have  seen,  the  most  successful  incandes- 
cing electric  lamps  are  those  in  which  the  carbon 
filaments  are  placed  inside  a  vacuous  space  in  the 
globe,  and  thus  the  loss  of  heat  of  the  filament  by 
local  winds  in  the  globe  is  avoided.  Where  the 
vacuum  in  the  globe  is  as  high  as  in  the  Crookes 
radiometer,  or  the  residual  gas  is  in  the  ultra- 
gaseous  state,  the  number  of  molecules  remaining  in 
the  lamp  chamber  is  so  small  that  they  are  thrown 
off  from  the  heated  surface  of  the  incandescent 
filament,  and  do  not,  as  a  rule,  strike  one  another, 
but  are  thrown  from  the  filament  directly  to  the 
walls  of  the  inclosing  glass  chamber,  from  which 
they  are  again  thrown  in  contact  with  the  glowing 
filament.  Every  time  a  molecule  touches  the  fila- 
hSby  ment  it  carries  off  a  charge  of  heat.  Where,  there- 
topS«ts"  fore,  the  vacuum  in  the  globe  is  not  so  high,  the 
number  of  times  that  the  molecules  are  returned  to 
the  surface  of  the  glowing  filament  by  reason  of 
their  molecular  impact  is  greatly  increased.  Con- 
sequently, the  loss  that  occurs  by  reason  of  the 
molecular  collisions  permitting  the  molecules  of  the 
gas  to  come  in  contact  with  the  glowing  filament, 
and  carry  their  charges  of  heat  to  the  walls  of 
the  lamp  chamber,  will  be  smaller  the  smaller  the 
vacuum  within  the  globe.  Therefore,  the  loss  of 
heat,  and  the  consequent  lowering  of  temperature 
from  this  cause,  will  be  least  the  higher  the  vacuum 
inside  the  lamp  globe. 
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It  is  evident  from  the  above  considerations  that, 
in  the  case  of  the  glowing  carbon  filament  placed  ^i^ 
inside  a  lamp  globe,  in  which  a  high  vacuum  is^^ 
maintained,  radiation  is  practically  the  only  wayfium«ir"^ 
in  which  the  filament  can  lose  or  tiirow  off  its  heat,  ^iLd 
and  with  it  the  accompanying  light.     A  glowing  "'''^•°*''^ 
lamp  filament,  indeed,  to  be  practical,  must  be  able 
to  readily  part  witii  its  radiant  energy,  ^noe  a  por- 
tion of  this  radiant  energy  is  in  the  form  of  the 
light  which  the  lamp  is  intended  to  radiate. 

The  rate  at  which  a  filament  loses  its  heat  by 
radiation  depends  on  its  temperature;  the  higher  circum- 
the   temperature   the   more    rapid   the   radiation.  ^I^i^/* 
This  rate  of  cooling  also  depends  on  the  extent  of  wbi^'uie 
surface  of  the  filament,  so  that  this  surface  should  fuMit 
bear  a  certain  definite  proportion  to  the  amount  of  itsuirht 
energy  that  has  been  supplied  to  the  filament    In 
other  words,  a  glowing  filament  should  have  a  cer- 
tain radiating  surface  for  the  number  of  watts  of 
energy  supplied  to  it 

The  amount  of  radiation  also  depends  on  the  char- 
acter of  the  surface  of  the  glowing  filament  Some 
surfaces  radiate  or  part  with  their  heat  and  light 
much  more  readily  than  others.  The  emissivity  of 
the  glowing  filament,  or  the  ease  with  which  it  can 
part  with  its  light  and  heat,  will  vary  according  to 
the  condition  of  its  surface.  As  we  shall  see,  lamp 
filaments  are  greatly  improved  by  giving  them  a 
character  of  surface  especially  feivoraUe  for  the 
emission  of  light  from  its  glowing  surface. 

Unfortunately  for  the  efficiency  of  the  carbon  in- 
candescing electric  lamp,  the  glowing  filament  emits 
an  exceedingly  small  proportion  of  light,  or  lumi- 
nous rays,  in  proportion  to  the  heat,  or  non-lumi- 
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nous  rays.    In  a  good  incandescing  lamp,  only  about 
pISpSrtioq  4  parts  in  every  lOO  parts  of  radiation  consist  of 
2lL^Sdby  Jig^t-     The  higher  the  temperature  to  which  the 
iumenl     carbon  filament  can  be  raised^  without  too  rapid 
disintegration,  the  greater  the  proportion  of  the 
luminous  to  the  non-luminous  radiation.     If,  for 
example,  we  could  safely  raise  the  temperature  of 
a  glowing  filament  to  that  of  the  boiling  point  of 
carbon,  a  thing  which   is  clearly  impossible,  we 
would  obtain  a  luminous  efficiency  of  the  incandes- 
cing lamp  as  high  as  that  in  the  carbon  voltaic  arc. ' 

It  is  an  unfortunate  fact  that  all  known  artificial 
devices  for  producing  light  by  means  of  incandes- 
cence obtained  through  the  agency  of  heat,  as  in 
the  common  candle,  gas  light,  Welsbach  light,  mag- 
nesium light,  or  arc  light,  are  extremely  inefficient. 
All  these  devices  produce  a  vastly  greater  propor- 
tion of  non-luminous  rays  of  heat  than  of  the  de- 
sired luminous  radiations  of  light.  As  we  have 
seen,  the  incandescing  electric  light  furnishes,  as  a 
luminous  source,  only  about  4  per  cent  of  light  and 
96  per  cent  of  heat.  A  common  candle  flame  is  even 
Bi|tr«neiy  lowcr,  yielding  only  ij4  per  cent  of  light  and  98  J4 
nouseffi."    per  cent  of  heat;  a  Welsbach  candle  yields  2V$  per 

ciencyof      ^  /.,.    #  «,y  <•«  . 

ordinary     ccut  of  light  and  07}4  per  cent  of  heat :  a  magnesium 

luminous      -.    ,         .   ,,  ^' "^         #.«.    «  <  ««  ^« 

light  yields  12  per  cent  of  light  and  88  per  cent  of  heat ; 
and,  finally,  the  arc  light,  which,  although  the  most 
efficient  source  of  light  of  this  type  known,  as  should 
necessarily  be  the  case,  since  here  the  light  is  the 
result  of  the  highest  temperature  which  it  is  possible 
to  obtain  artificially,  yet,  nevertheless,  yields  only 
13  per  cent  of  light  for  every  87  per  cent  of  heat. 

It  would  seem,  unless  some  method  can  be 
devised  for  obtaining  a  more  refractory  substance 
than  carbon,  or  some  means  adopted  by  which  the 


sources. 
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temperature  of  the  boiling  point  of  carbon  can  be 
increased,   that   we  have  practically   reached  the 
limit  of  the  efficient  conversion  of  heat  energy  into 
light  energy,  unless,  indeed,  a  surface  can  be  dis- 
covered highly  transparent  to  light  and  opaque  to 
heat    That  there  is  a  method  in  which  light  can  be 
produced  in  excess  of  heat  is  evident,  for  nature  SSLms 
does  this  constantly  in  the  light  emitted  by  the^dkHbL 
firefly  or  the  glow-worm.    Here  the  propof^ion  oi^j^Sf^^ 
luminous  and  non-luminous  radiation  would,  prob* 
ably,  be  somewhere  in  the  neighborhood  of  98  or 
99  per  cent  of  light,  and  only  2  or  I  per  cent  of  heat» 
In  other  words,  the  radiation  of  the  firefly  and  the 
glow-worm  produces  what  might  be  characterized 
as  cold  light,  in  distinction  to  the  light  emitted  by^^^""*^ 
the  candle  flame,  the  Welsbach,  the  incandescing 
electric  lamp,  the  magnesium  lamp,  and  the  carbcm 
voltaic  arc.    There  is  a  peculiar  substance  secreted 
in  the  bodies  of  these  animals  that  apparently  pos- 
sesses the  power  of  being  oxidized  by  the  atmos- 
phere in  such  a  manner  as  to  produce  a  greater  pro- 
porticm  of  lig^t  rays  than  heat  rays.    If  it  should  wiMtsdt 
ever  become  possible  to  cheaply  produce  this  sub-thencretof 
stance,  it  would  appear  that  the  problem  of  cheap radgiow- 
artificial  illumination  would  be  solved,  at  least  so 
far  as  mere  light  is  concerned.    Of  course,  for  such 
a  luminous  source  to  be  commercially  valuably  its 
light  must  necessarily  possess  the  same  character- 
istic colored  rays  as  does  sunlight.     The  problem 
of  a  satisfactory  illuminant,  however,  will  not  even 
then  be  solved,  for,  unfortunately,  the  light  of  the 
firefly  or  the  glow-worm  does  not  possess  true  sun- 
light values. 

The  possibility  of  practically  employing  the  car- 
bon incandescing  electric  lamp  as  a  source  of  arti- 
ficial illuminaticMi  depends  on  the  fact  that,  as  the 
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temperature  of  glowing  carbon  is  increased,  its  ra- 
rilfJyS?^'  diating  power  for  light  increases  more  rapidly  than 
^^aL    does  its  radiating  power  for  heat,  that  is,  as  the 
te^^    temperature  of  the  filament  rises  above  a  red  heat, 
**"         its  emissivity  for  light  increases  more  rapidly  than 
does  its  emissivity  for  heat.     The  temperature  of 
the  ordinary  filament  has  been  estimated  at  about 
2732°  F.    A  slight  increase  above  this  temperature 
materially  increases  the  emissivity  of  the  filament 
for  light;  although,  as  already  stated,  at  a  mate- 
rial decrease  in  the  life  of  the  filament.    It  has  been 
estimated  that  in  a  common  t3rpe  of  incandescing 
lamp,  an  increase  of  temperature  of  40°  F.  pro- 
duces an  increase  of  somewhat  more  than  3  per  cent 
in  the  candle-power  of  the  lamp. 

When  the  carbon  incandescing  electric  lamp  first 
Short  life    Came  into  use,  especially  when  the  glowing  filaments 
l»S^^  were  made  from  the  slender,  fragile  paper  carbons, 
Min.  *    it  was  possible  to  maintain  them  at  a  fairly  bright 
incandescence  but  for  comparatively  short  times. 
Even  when  the  more  durable  bamboo  filaments  were 
employed,  although  the  length  of  life  was  materially 
increased,  yet  the  lamps  soon  burned  out.     This 
difficulty  was  so  great  that,  at  one  time,  it  was 
feared  by  some  that  practical  commercial  lighting 
of  this  character  was  impracticable.     Finally,  how- 
ever, by  means  of  various  improvements,  lamps  are 
now  made  which  can  be  economically  employed  for 
1,000  hours  without  the  breaking  of  the  filament. 

The  means  by  which  this  increase  of  life  was  ob- 
tained was  by  improvements  in  the  vacuum  of  the 
fofa^   lamp  globe.    When  air  is  left  in  the  globe  the  deU- 
tS^^p*"  cate  carbon  filament  is  destroyed,  either  by  means 
6u°b.  ^"^     of  a  direct  combustion  or  burning  of  the  filament  by 
its  combination  with  the  oxygen  of  the  air,  or  by  the 
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bombardment  of  the  filament  by  the  heated  mole- 
cules shot  off  from  the  walls  of  the  globe  or  after 
collisions  with  one  another.  This  latter  effect 
causes  a  gradual  attrition  or  wearing  of  the  carbon, 
sometimes  called  air  washing. 

An  exceedingly  small  quantity  of  oxygen  left  in 
the  lamp  chamber  will  materially  decrease  the  life 
of  the  filament  by  causing  a  far  greater  amount  of 
combustion  than  would  seem  possible  from  the 
quantity  of  oxygen  actually  present.  This  is  be- 
lieved to  be  due  to  the  fact  that  the  carbonaceous 
gases  produced  by  the  combustion  are  subsequently 
decomposed  by  the  high  temperature,  depositing 
solid  carbon  on  the  walls  of  the  lamp  globe,  and  lib- 
erating oxygen,  which  can  again  unite  with  fresh 
portions  of  the  filament.  In  order  to  avoid  this,  nuuiquan. 
improvements  were  made  in  the  methods  for  ob-ggj;;^ 
taining  high  vacua.  But  notwithstanding  such  im-dderabie^ 
provements,  the  life  of  the  filament  still  remained**^ 
low.  Lamps  in  which  the  vacuum  at  the  start  was 
unquestionably  high,  soon  failed,  and  on  opening 
the  globe  after  the  destruction  of  the  filament,  were 
found  to  contain  a  comparatively  low  vacuum. 
Careful  investigations  were  made  as  to  the  sources 
of  the  supposed  leakage.  Finally,  the  true  cause 
of  the  difficulty  was  discovered,  and  the  lamp  globes 
were  exhausted  by  means  of  a  process  that  ensured 
the  continuance  of  the  high  vacuum,  and  of  the 
prolonged  life  of  the  lamp. 

As  is  often  the  case,  the  difficulty  arose  from  a 
fact  well  known  in  physics,  that  had,  unfortunately,  p^iu^e^i 
escaped  the  notice  of  inventors;  viz.,  that  many  sub- J^uj^^'i* 
stances,  especially  carbon  and  platinum,  possess  the^^^uied 
power  of  occluding  gases;  i.e.,  of  absorbing  and*^"**^ 
condensing  them  within  their  pores.     Platinum,  for 
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example,  can  thus  absorb  several  times  its  volume 
of  hydrogen  gas.  Carbon  also  possesses  a  very  high 
power  of  thus  occluding  or  absorbing  various  gases. 
Gases  occluded,  or  absorbed  by  solids,  are  retained 
with  great  tenacity,  the  attraction  between  the  solid 
and  the  gas  being  sufficiently  great  to  actually 
liquefy  the  gas.  Consequently,  when  the  lamp 
globe  is  subjected  to  tiie  action  of  the  exhaust  pump, 
and  the  contained  air  is  almost  entirely  removed, 
thus  leaving  a  high  vacuum  in  the  lamp  globe,  the 
occluded  gases  still  remain  in  a  liquid  state  within 
the  pores  of  the  solids.  If,  now,  the  globe  is  her- 
metically sealed  while  in  a  cold  state,  as  soon  as  the 
filament  and  the  different  parts  of  the  lamp  become 
heated,  the  occluded  gases  are  thrown  off,  and  the 
vacuum  seriously  vitiated.  It  was  subsequently  dis- 
covered that  a  film  of  highly  condensed  gas  also  col- 
lected on  the  surface  of  the  lamp  globe  and  other 
solids  within  it. 

With  the  discovery  of  the  cause  of  the  difficulty, 
the  means  for  removing  it  were  simple.    By  subject- 
ing the  globe  and  the  filament  to  the  action  of  a  high 
temperature  while  exhaustion  was  going  on,  the  oc- 
simpie       eluded  gases  were  driven  out  of  the  lamp  chamber, 
S??^Sov-  the  filament,  and  the  conducting  wires,  and  carried 
SliudTed     out  of  the  chamber  by  the  action  of  the  pump.    Va- 
rious means  were  adopted  to  heat  the  lamp.     The 
method  generally  employed,  however,  is  to  send  a 
somewhat  stronger  current  through  the  filament  than 
that  for  which  the  lamp  is  made,  and  then,  while 
the  filament  and  lamp  chamber  are  heated,  exhaust- 
ing and  sealing  the  lamp  globes. 

The  vacuum  obtained  in  the  inclosed  globe  of  the 
incandescing  electric  lamp  of  to-day  is  so  excellent 
that,  if  the  destruction  of  the  filament  were  only  due 
to  its  combination  with  oxygen  in  its  residual  at- 
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mosphere,  or  to  air  washing  or  molecular  bombard- 
p  ments  by  the  residual  gas,  the  life  of  the  filament 
practically  would  be  almost  unlimited.  Another 
source  of  loss,  however,  exists,  which  appears  to  be 
due  to  a  kind  of  evaporation  of  the  filament,  both 
by  reason  of  its  high  temperature,  and  of  the  high 
vacuum  which  exists  around  it.  In  other  words, 
during  the  incandescing  of  the  filament,  it  throws SoS^Sp 
off  particles  of  carbon  from  its  surface  somewhat  in  fS^Sl^ 
the  same  manner  that  a  liquid  throws  off  particles  fiStm^t^ 
from  its  surface  at  temperatures  far  below  those  of 
its  boiling  point.  This  gradual  wasting  not  only 
eventually  disintegrates  the  carbon,  but,  at  the  same 
time,  causes  a  blackening  of  the  inside  of  the  lamp 
globe,  which  does  more  to  decrease  the  life  of  the 
lamp  than  the  destruction  of  the  filament  itself: 
for,  as  we  shall  shortly  see,  when  an  incandescing 
lamp  has  reached  a  certain  condition,  even  though 
its  filament  be  intact,  it  is  more  economical  to  de- 
liberately break  the  lamp  and  replace  it  by  another 
than  to  continue  its  use. 

There  is  another  reason  why  the  maintenance  of 
the  high  vacuum  in  the  lamp  globe  increases  the  effi- 
ciency of  the  lamp.  As  we  have  already  seen,  low 
vacua  are  fairly  good  conductors  of  electricity. 
When,  therefore,  the  vacuum  in  the  lamp  globe  is 
a  comparatively  low  vacuum,  a  peculiar  effect  some- 
times  occurs,  known  generally  as  the  Edison  effect,  effect, 
which  consists  of  a  pale,  bluish  light  seen  around 
the  glowing  filament  and  due  to  the  escape  of  a 
part  of  the  current  through  the  conducting  low 
vacuum  surrounding  it.  This  loss  of  current  nec- 
essarily causes  a  loss  of  energy,  and  decreases  the 
efficiency  of  the  lamp.  Since  a  high  vacuum  is  a 
non-conductor,  this  loss  almost  ceases  when  the 
vacuum  in  the  lamp  chamber  becomes  high. 
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CHAPTER  XIX 

MANUFACTURE    OF    THE    ELECTRIC    INCANDESCENT 

LAMP 

"How  far  that  little  candle  throws  his  beams." 

— The  MerekofU  of  Venice,  Act  V,  Scene  I 


iHE  success  of  the  incandescing  dectric  lamp 
as  a  source  of  artificial  illumination  is  evi- 
denced by  the  great  increase  in  the  use  of 
such  lamps.     This  increase  is  still  going  cm.     At 
p^fSiof  tiie  present  time  it  has  reached  such  an  extent  that 
^iMury.    one  of  the  principal  companies  manufacturing  in- 
candescent lamps  is  now  turning  out  some  15,000^- 
000  lamps  per  year. 


The  United  States  Census  Report  for  1900  shows 
that  there  were  some  25,000,000  incandescent  lamps 
manufactured  in  this  cotmtry  during  the  census 
year.  Of  these,  the  16-candle-power  lamps  reached 
over  21,000,000.  This  enormous  output,  together 
with  improvements  in  the  manufacture  of  the  lamps, 
has  resulted  in  a  lowering  of  the  selling  price  of 
single  incandescent  lamps  from  the  75  cents  or  one 
dollar  that  was  charged  for  them  shortly  after  their 
introduction  some  twenty  years  ago,  to  fifteen  or 
eighteen  cents,  which  may  be  taken  as  the  average 
charge  for  each  lamp  to-day. 


United 
States 
Census 
Reports 
on  incan- 


electfic 
lamps. 


Manufac- 
ture of 
the  lamp 
filaments. 


In  attempting  a  brief  description  of  the  manu- 
facture of  the  carbon  incandescent  electric  lamp, 
we  will  begin  with  the  filaments.     These,  tiiough 
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of  various  sizes  and  shapes,  are  practically  manu- 
factured in  the  same  manner. 

As  we  have  seen,  the  paper  carbons  were  soon 
replaced  by  carbonized  strips  of  bamboo  or  card- 
board, or,  as  they  are  generally  called,  of  structural  structural 
carbons.     The  carbons  employed  for  the  incandes- JJ'^IS^ 
cing  lamp  filaments,  that  are  in  general  use  to-day,  gj^^^ 
are  squirted  carbons,  or,  as  they  are  sometimes 
called,  structureless  carbons,  in  order  to  distinguish 
them  from  the  structural  carbons  before  alluded  to. 


Squirted 


When  ordinary  raw  cotton  is  placed  in  a  solution 
of  zinc-chloride,  a  substance  obtained  by  dissolving 
zinc  in  hydrochloric  acid,  the  cotton  is  dissolved,  gg;^^ 
and  a  sticky,  jelly-like  mass  is  obtained.  By  forc- 
ing this  material  through  a  small  hole  in  a  plate, 
and  leading  the  thread  which  comes  out  into  a  ves- 
sel'filled  with  alcohol,  it  soon  sets  or  hardens  suf- 
ficiently to  enable  it  to  be  handled.  When  this 
thread  is  carefully  washed,  and  wound  on  a  large 
drum  and  dried,  it  produces  a  material  strongly  re- 
sembling catgut.  The  dried  thread  is  then  cut  into 
suitable  lengths  and  carbonized  while  out  of  contact 
with  air,  thus  producing  carbon  filaments. 


The  advantages  of  employing  squirted  carbons 
for  the  filaments  of  lamps  consist  not  only  in  thetagesoi 
greater  uniformity  of  the  resulting  carbons,  but  carbons, 
also  in  the  fact  that  practically  any  shape  or  area 
of  cross-section  can  be  readily  obtained.    Care  must 
be  taken  during  the  squirting  process  to  avoid  thCj^^^. 
presence  of  minute  air  bubbles,  which  would  cause  [j^  *jgg^ 
a  break  in  the  continuity  of  the  filaments,  and  thus 
injure  them.     To  this  end  the  solution  is  filtered 
while  in  a  hot  state  in  a  vacuous  space. 
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Various  lengths  and  areas  of  cross  sections  are 
given  to  the  filaments  of  incandescing  lamps  of  dif- 
ferent types  and  sizes.  Practically  all  the  different 
shapes  of  filaments  employed  to-day  are  obtained  by 
suitably  bending  or  looping  the  straight  filaments 
into  the  desired  form  after  they  have  been  car- 
^f^Sj*  bonizeA  Consequently,  when  the  filaments  are  re- 
SfSSit?^  moved  from  the  carbonizing  oven  they  are  carefully 
sorted  into  different  classes,  according  to  their 
lengths  and  diameters.  Such  measurements  must  be 
made  after  carbonization,  since  the  filaments  shrink 
considerably  during  drying  and  carbonization.  Al- 
though in  the  production  of  the  filament  every  effort 
is  made  to  obtain  carbon  threads  of  absolutely  uni- 
form conducting  power  and  area  of  cross-section 
throughout  all  parts  of  their  length,  in  order  that 
all  parts  of  the  filament  shall  glow  or  incandesce 
equally,  yet  it  is  found  that  irregularities  will  occur. 
In  order  to  remove  such  irregularities,  an  exceed- 
ingly ingenious  process,  called  the  flashing  or  treat- 
ing of  the  carbons,  has  been  adopted.  If  an  electric 
ingor        current  of   gradually  increasing  strength  is   sent 


treatment 


process  for  through  a  filament  that  possesses  any  irregularities, 
figments.    Cither  m  Its  composition,  or  m  its  area  of  cross- 
section,  the  points  of  highest  resistance  will  first  be 
rendered  incandescent,  and  afterward  the  points  of 
next  highest  resistance.    If,  therefore,  a  filament  be 
gradually  raised  to  electric  incandescence  while  sur- 
rounded by  a  hydro-carbon  vapor  or  gas,  the  points 
of  highest  resistance  will  be  first  raised  to  incandes- 
cence, and,  decomposing  the  surrounding  gas  or 
Flashed  or  vapor,  dcposit  a  thin  coating  or  layer  of  electrically 
filaments    couductiug  carbou  on  the  surfaces  of  the  heated 
jSj^omo.  points.     This  deposit  of  carbon  increases  the  con- 
Srou°ghout  ducting  power  of  the  filament.     The  next  highest 
knrS5^      points  of  resistance  will  then  receive  a  deposit  in 
a  similar  manner,  untilj  finally,  the  carbon  will  glow 
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uniformly  at  all  parts  of  its  surface,  thus  showing 
that  its  electric  resistance  per  tuiit  of  length  is  the 
same  throughout.  The  flashing  process  goes  on 
very  rapidly,  a  uniform  condtKting  power  being 
obtained  in  a  few  moments. 

The  carbon  deposited  on  the  surface  of  the  fila- 
ment by  the  flashing  process  differs  in  character 
from  that  of  which  the  filament  is  con:4)osed«  It 
may  be  called  graphitic  carbon,  and  has  a  lower  elec- 
tric resistance  than  the  ordinary  carbon*  In  this 
respect,  the  deposited  carbon  is  less  favoraUe  for 
the  efficiency  of  the  lamp.  It  possesses,  however,  g^^^^ 
the  advantage  of  having  a  rather  higher  emissivity  ^»jj^ 
for  light  than  the  unheated  carbon  of  the  filament  g^^snpi^ 
does.  This  deposited  carbon  also  possesses  another  ^^^^ 
advantage  over  ordinary  carbon.  Ordinary  carbon 
has,  ai^roxunatdy,  about  twice  as  great  an  elec- 
tric resistance  when  cold  as  when  hot.  In  other 
words,  the  resistance  of  the  filament  decreases  with 
an  increase  in  temperature;  carbcxi,  in  this  respect, 
bdiaving  differently  from  the  ordinary  metals. 
Fortunately,  nearly  all  of  this  decrease  takes  {dace 
before  the  carbon  begins  to  glow.  This  is  much 
better  than  if  the  decrease  occurred  at  higher 
temperatures;  for  the  incandescing  lamp  is  ex- 
tremely sensitive  to  small  changes  in  pressure, 
so  that,  if  most  of  the  decrease  in  resistance  took 
place  at  high  temperatures,  this  sensitiveness  to 
small  changes  of  pressure  would  be  much  more 
difficult  to  avoid.  The  carbon  deposited  by  the 
flashing  process  possesses,  however,  according  to 
Mr.  Howell,  the  property  of  increasing  in  resist- 
ance, with  an  increase  in  temperature. 

The  deposition  of  carbon  by  the  flashing  process 
of  course  decreases  the  resistance  of  the  carbon, 
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the  extent  of  this  decrease  depending  on  the  amount 
of  graphitic  carbon  deposited  on  the  filament.  The 
value  of  the  resistance  of  the  lamp  of  the  various 
types  having  been  determined  upon,  the  deposition 
is  continued  by  the  flashing  process  until  the  re- 
sistance of  all  the  filaments  of  a  given  t3rpe  has 
reached  the  same  value.  This  can  be  done  either  by 
measuring  the  resistance  of  the  filament  while  the 
deposition  is  going  on,  or,  the  passage  of  the  cur- 
^^^2^1  rent  through  the  filament  may  be  automatically 
JSSJ^*"'  stopped  by  means  of  an  electro-magnet  placed  in  the 
circuit,  as  soon  as  the  current  strength  has  reached 
a  predetermined  value. 

The  next  step  in  the  manufacture  of  the  incan- 
descent lamp  consists  in  mounting  the  filament,  that 
is,  in  suitably  attaching  it  to  a  glass  support,  which 
is  subsequently  placed  inside  the  lamp  chamber. 
The  leading-in  wires  or  conductors,  which  carry 
the  current  into  the  lamp,  pass  through  the  glass 
support.  Unless  care  is  taken  in  making  a  suitable 
joint  at  this  point,  a  leakage  will  occur,  which  will 
ruin  the  high  vacuum  required. 

The  fact  that  the  glowing  filament  is  maintained, 
as  nearly  as  possible,  at  a  white  heat,  renders  it  nec- 
between     cssary  that  the  joints  between  the  leading-in  wires 
of*th2fi1a-  and  the  ends  of  the  filament  shall  be  such  as  will 
Se°ciS  of  either  prevent  the  joints  from  attaining  a  high  tem- 
S^^Sl^-perature,  or  of  so  making  them  as  will  permit  them 
to  attain  a  fairly  high  temperature  without  injury. 
As  we  have  already  pointed  out,  the  ends  of  the 
carbon  filaments  are  sometimes  made  of  a  larger 
area  of  cross-section,  in  order  to  prevent  their  be- 
coming too  highly  heated.    The  joints  between  the 
ends  are  sometimes  obtained  by  depositing  a  small 
mass  of  copper  by  electro-plating  around  the  points 
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of  junction  between  the  filament  and  the  wires.    In 
the  early  history  of  the  art  the  wires  were  some- SSi^^^ 
times  made  in  the  form  of  a  socket,  which  was**^ 
tightly  squeezed  around  tlie  ends  of  the  filament. 
This  method,  however,  has  generally  been  replaced 
by  what  is  known  as  the  pasted  joint,  where  the 


Fio.  151.-— Early  Form  of  Lamp  Filament  Joint  Note  the  arrange- 
ments of  tbe  leading-in  wiret  and  the  early  forms  of  dhunps^  C,  C,  for 
tlw  iotntB  of  the  filament. 


ends  of  the  filament  and  the  conductors  are  pasted 
together  by  a  mixture  of  finely  powdered  carbcm  £j2JtSd** 
and  molasses,  which  is  afterward  hardened  by  bak-  ^°^ 
ing;  or,  what  is  a  still  better  method,  by  means  of 
a  dq)osited  joint,  in  which  the  ends  of  the  filament 
and  the  conductors  are  joined  together  by  means  of 
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carbon  deposited  on  them  by  a  process  similar  to 
the  flashing  process.  An  early  form  of  filament 
joint  consisted  of  small  pieces  of  metal,  C,  C,  Fig. 
151,  which  were  suitably  clamped  to  the  enlarged 
ends  of  the  filament  D. 

Where  the  leading-in  wires  pass  through  the 
Why  piad.  glsiss  walls  of  the  mount  or  support,  they  are  fused 
fm-miing^in  the  same  by  melting  the  glass  around  them.  If 
|SJ^£  these  wires  were  made  from  such  metals  as  copper, 
lamp  bulb.  ^jjQse  rate  of  expansion  differs  considerably  from 
that  of  glass,  a  slight  increase  in  the  temperature 


Fig.  is^*— 'Fonn  of  Lamp  Mount,  ready  for  aealing  to  lamp  bulb. 

of  the  wires  would  result  in  the  breaking  of  the 
glass,  and  consequently  the  destruction  of  the 
vacuum.  This,  however,  is  readily  prevented  by 
making  the  parts  of  the  leading-in  wires  that  pass 
through  the  glass  of  a  metal  like  platinum,  that  ex- 
pands approximately  at  the  same  rate  that  glass 
does.  At  the  same  time,  however,  care  must  be 
taken  to  prevent  the  platinum  leading-in  wires  from 
becoming  unduly  heated. 

A  form  of  glass  mount  for  a  filament  is  shown  in 
Fig.  152.    Here  a  small  piece  of  glass  tubing,  T,  has 
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a  shoolder  Uown  oo  it  at  S.  Two  platintun  wires 
p,  p.  placed  inside  the  tube,  are  then  fused  around  it 
by  the  flame  of  a  blow-pipe.  The  joint  is  then 
carefully  annealed. 

Since  platinum  is  a  costly  metal,  only  very  short 
pieces  are  emplc^ed  for  the  leading-in  wires,  the^lS^ 
greater  part  of  the  length  of  such  wires  being  formed  '"^'^ 
of  soxat  material  like  copper,  as  shown  in  the  above 
figure  at  w„  u^.    Various  attempts  have  been  made 


to  employ  cheaper  metals  or  metallic  alloys  to  re- 
place the  platinum  for  this  purpose.  Platinum, 
however,  is  still  almost  imiversally  employed. 

Another  form  of  mount,  somewhat  similar  to  the 

above,  is  shown  in  Fig.  153.     Here  the  two  shorty 

pieces  of  platinum  wire  are  fused  on  to  the  ends  of  gJUJ^^'f 
the  longer  copper  wires.     The  platinum  tips  are"*™""" 
then  sealed  into  the  end  of  a  small  piece  of  glass 
tube,  with  a  short  flange  formed  at  one  end,  as 
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shown  at  the  left-hand  side  of  the  figure.  A  seal 
is  obtained  by  fusing  the  glass  around  the  platinum 
wires,  and  then  compressing  and  flattening  the  end 
of  the  tube,  as  shown  at  the  right-hand  side  of  the 
figure.  A  short  piece  of  nickel  wire  is  fused  into 
one  end  of  the  mount,  but  does  not  pass  entirely 
through  the  glass  walls.  This  wire  is  intended  to 
serve  as  an  anchor  to  prevent  excessive  vibration, 
and  consequent  breakage  of  the  glowing  filament, 
as  well  as  to  avoid  too  great  a  drooping  of  the  car- 
bon when  burned  in  a  horizontal  position.  A  fila- 
ment mounted  in  this  manner  is  shown  in  Fig.  154. 
Here  the  nickel  anchor  wire  is  seen  with  its  upper 


Fig.  XS4. — Filament  Mounted,  and  ready  for  sealing  into  lamp 
bulb.  Note  the  fact  that  the  nickel  anchor  wire  is  fused  only  to  the 
top  of  the  glass  mount,  while  the  leading-in  wires  to  which  the  ends 
of  the  filament  are  attached  pass  through  the  entire  length  of  the 
glass  mount. 

end  connected  with  the  middle  of  the  looped  fila- 
ment. The  joints  employed  in  this  mount  are  those 
of  the  deposited  carbon  type,  and  are  of  a  diameter 
only  comparatively  larger  than  that  of  either  the 
platinum  wires  or  of  the  filament  itself. 

Blown  and  ^he  mountcd  filament  is  now  ready  to  be  placed 
i^p^iobcs  ^^  the  lamp  globe  or  bulb.  Incandescent  lamp  bulbs 
were  formerly  blown  at  the  end  of  the  glass  tube  in 
the  air.  Now,  however,  in  order  always  to  obtain 
Manufac  ^^^  same  sizc  of  bulb,  they  are  blown  in  suitably 
lamp  bulb,  shaped  molds.     The  bulb  is  made  in  a  variety  of 
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shapes,  according  to  the  purpose  for  which  the  lamp 
is  to  be  employed.  The  appearance  of  a  common 
form  of  bulb  as  it  comes  from  the  mold  is  shown  in 
Fig.  155.  Here,  as  will  be  seen,  the  bulb  is  closed  at 
the  top,  and  still  has  attached  to  it  the  long  glass 
neck  employed  in  blowing.  The  next  step  consists 
in  cutting  off  this  neck  by  a  short  file.  The  cut 
end  is  softened  in  the  flame  of  a  blow-pipe,  and 
rounded,  and  a  shoulder  formed  on  it,  as  shown  in 
Fig.  156.    A  short  glass  tube  is  then  sealed  to  the 
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Fig.  iS5.^First  Step  in  Manufacture  of  Lamp  BttHi.  The  figure 
represents  the  bulb  as  it  comes  from  the  mold.  Note  the  excessive 
length  of  the  neck. 

top  of  the  bulb,  and  an  opening  made  in  the  bulb, 
as  seen  in  the  same  figure.  This  tube  is  provided 
for  the  purpose  of  permitting  the  lamp  bulb  to  be 
exhausted  when  it  is  suitably  connected  with  the 
pump. 


The  mounted  filament  shown  in  Fig.  154,  is  now 
forced  up  into  the  lamp  bulb,  shown  in  Fig.  ^^^,X^^ 
the  elasticity  of  the  filament  permitting  it  to  be  suffi-  ^^^P»„d 
ciently  brought  together  for  this  purpose.     The  **°p  •*"*** 
flange  in  the  neck  of  the  mount  is  then  brought 
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even  with  the  edge  of  the  neck  of  the  bulb,  and  the 
two  glass  surfaces  carefully  fused  together.  The 
bulb,  after  being  carefully  examined  for  leaks  or 
other  imperfections,  is  then  exhausted  of  its  con- 
tained air.  In  this  condition  the  lamp  bulb  and  its 
mount,  fused  together,  will  have  the  appearance 
diown  in  Fig.  157. 

The  lamp  is  now  connected  with  the  air  pump, 
and,  after  the  necessary  high  vacuum  is  obtained. 


Lamp 
sealed  off 
thepamp 
and  ready 
for  recep- 
tion of 
lamp  base. 


Fig.  156. — Next  Step  in  Manufacture  of  Lamp  Bulb.  Here  a  part 
of  the  neck  has  been  removed  and  a  suitably  shaped  shoulder  formed 
at  S.    A  short  tube,  T,  is  fused  into  an  opening  at  A. 

is  separated  from  the  pump  by  directing  the  flame 
of  a  blow-pipe  against  the  end  of  the  tube  which 
was  fused  into  the  top  of  the  bulb,  thus  completely 
closing  the  lamp  bulb.  In  this  state,  the  lamp  has 
the  appearance  shown  in  Fig.  1 58,  and  is  now  ready 
to  receive  the  lamp  base,  as  in  Fig.  159.  In  this 
figure  a  lamp  base  is  shown  as  connected  not  only 
to  the  lamp  containing  the  filament  shown  in  the  pre- 
ceding figures,  but  also  to  lamps  containing  two 
other  forms  of  filaments.     The  lamps  referred  to 
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in  Figs.  152-157,  inclusive,  are  of  the  Sawyer-Mann 
type. 

The  lamp  base  is  so  arranged  that  one  of  the 
leading-in  wires  is  connected  to  the  threaded  metallic  SfST" 
screw,  a,  a,  a,  shown  in  the  above  f^res,  and  the ShS? 
other  end  connected  to  the  central  cap,  b,  b,  b,  seal  ''^■ 
at  the  lower  part  of  the  lamp  base.    This  screw-cap 
is  carefully  insulated  from  the  outer  metallic  screw. 


Fio.  IS7.— LuDp  UoDiit  Piued  to  Lunp  BuHk  Note  bere  the  Joioti 
of  the  Sludcnl  witb  the  pluinum  wire*  and  tbe  Mmection  ol  tbc  pUtl' 
nmu  witb  tbe  lewUng-in  wim. 

The  lamp  base  is  usually  connected  to  the  glass  part 
of  the  lamp  by  means  of  plaster  of  pans,  or  some 
other  suitable  cement. 

In  all  cases,  a  lamp  socket  is  provided ;  i.e.,  a  suit- 
able receptacle  so  connected  with  the  mains  or  con-J^ 
ductors  furnishing  current  to  the  lamp  that  the  mere 
introduction  of  the  lamp  base  into  the  lamp  socket 
will  connect  it  with  the  mains.     Lamp  sodtets  are 
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made  of  a  great  variety  of  forms.  That  shown  in 
Fig.  i6o  is  commonly  called  the  key  socket,  because 
it  is  arranged  so  that  the  lamp  can  t>e  turned  on  or 
o&  by  means  of  the  switch  or  key  k.    Contact  laeces 


Fid.  is8. — Completely  Exhaaatcd  and  Sealed-off  lamp,  ready  tot  re- 
ceptioD  of  lamp  bue.  Note  the  fact  that  the  tube  T,  of  Fig.  i^j.  Ins 
been  fiued  oCF  at  A,  leaviDg  the  lamp  EicTTaetically  aealed  at  thia  poidti 

are  so  connected  with  the  supply  mains  that,  when 
the  lamp  base  is  screwed  into  position  in  the  lamp 
socket,  one  of  the  terminals  of  the  lamp  is  broi^ht 
into  connection  with  one  of  the  supply  mains,  at  a. 


Via.  is«. — Completed  Idnpi  with  L«op  Baec  Attached,  ready  fee 
bdng  inserted  in  lamp  Bcwket  and  thus  connected  with  mun.  Note  here 
Ihree  forms  of  filaments;  i.e.,  tbe  horseahoe,  the  ungte  loop,  and  ths 
doable  loop. 

and  the  other  lamp  terminal  with  the  other  supply 
main,  by  means  of  the  metallic  springf  s.  The  metal 
piece,  h,  is  brought  into  contact  with  this  terminal 
when  the  kqr,  &,  is  in  the  position  shown  in  the  fig- 
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ure.     The  current  is  turned  off  when  k  is  moved 
through  a  quarter  turn,  thus  breaking  the  connec- J("'JS;£^ 
tion  between  b  and  5.    In  some  cases,  the  lamp  socket 
is  not  provided  with  a  key  attached  to  the  lamp,  the 
lamps  being  turned  on  or  off  by  means  of  a  key 
placed  in  some  position  on  the  wall  of  the  room. 
Such  sockets  are  called  keyless  sockets,  and  are  em-K<Ti<B* 
ployed  for  lamps  in  chandeliers  and  other  similar  (Kkcu- 
positions. 

The  exhaustion  of  the  lamp  bulbs  is  first  obtained 
by  the  use  of  a  mechanical  pump,  which  rapidly  car- 
ries out  the  greater  part  of  the  contained  air.    The 


Pia  I  So.— Key  Socket  lor  IncmdcKcnt  Electric  Lunp.  At  the  leit- 
hand  lide  ot  the  l^re  the  kcr  locket  to  ahown  iiuroudded  by  >  metallic 
cTlindet  S'. 

latter  part  of  the  exhaustion  is  then  carried  on  bysxhao* 
some  form  of  mercury  pump.  The  first  part  of  the  unp'bv 
exhaustion  of  the  lamp  bulb  is  carried  on  in  the  cold, 
until  no  bubbles  of  air  can  be  seen  passing  through 
the  glass  pump.  This  shows  that  all  the  air  has 
been  removed.  An  electric  current,  of  somewhat 
greater  strength  than  is  intended  to  be  employed  on 
the  lamp,  is  then  sent  through  the  lamp,  thus  heat- 
ing it.  This  is  done,  as  has  been  already  explained, 
in  order  to  drive  off  the  occluded  gases  in  the  fila- 
ment and  leading-in  wires,  and  on  the  walls  of  the 
bulb  itself.     The  pump  is  kept  running  until  all  this 
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gas  has  been  removed,  and  no  bubbles  are  seen  pass- 
hiSSiJSS'^f  ing  through  the  air  pump.  The  blow-pipe  flame  is 
lamp  bulb,  j,^^  directed  against  the  small  glass  tube,  T,  ex- 
tending from  the  top  of  the  bulb,  and  connecting  it 
with  the  pump,  and  the  bulb  is  thus  bermeticallj 
sealed  as  already  explained. 


In  order  to  obtain  a  higher  vacuum  than  is  am- 
veniently  possible  by  the  aid  of  mercury  pumps,  a 


Fig.  i6i. — Sprengel  Mercury  Pump.  Here  G  is  being  emptied  or 
ezhaturted  of  its  air.  In  practice,  a  number  of  incandescent  lamps  suit- 
ably connected  to  the  pump  rei^aoe  the  globe  G. 


process  of  chemical  exhaustion  is  generally  em- 
ployed ;  that  is,  some  substance  is  introduced  into  the 
2S23oo.  ^^^  which  connects  the  lamp  to  the  blow-pipe,  which 
substance  possesses  the  power  of  absorbing  the  small 
portions  of  residual  gas  in  the  tube.  Mechanical 
pumps  are  now  made  that  will  produce  such  high 
vacua  that  they  are  sometimes  employed  in  connec- 
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tion  with  chemical  means  for  the  exhaustion  of  the 
bulb,  without  the  use  of  the  mercury  pump. 

A  form  of  mercury  pump,  very  generally  em- 
ployed for  exhausting  incandescent  lamps,  is  called 
the  Sprengel  pump,  and  is  shown  in  Fig.  i6i.  Here 
a  stream  of  mercury,  falling  from  the  vessel.  A, 
through  the  vertical  tube,  exhausts  or  removes  the 
air  from  any  vessel  connected  with  the  upper  part 
of  the  tube;  in  this  instance^  from  the  glass  globe I^S^i 
shown  as  connected  with  the  vertical  tube  at  the^^I*^ 
point  X.  The  falling  mercury  column,  entangling 
bubbles  of  air,  carries  them,  mechanically,  from  the 
globe  down  and  out  at  the  lower  orifice  at  B.  These 
bubbles  are  largest  at  the  banning  of  the  exhaus* 
tion,  and  become  smaller  and  smaller  toward  the  end 
of  the  operation.  When  the  bubbles  have  entirely 
disappeared,  and  the  sharp  metallic  click  is  heard, 
characteristic  of  mercury  or  other  liquid  falling  in 
a  vacmun,  the  exhaustion  may  be  considered  as  com- 
plete. In  order  to  return  the  mercury  that  has  fallen 
through  the  vertical  tube  back  to  tiie  tipper  reser- 
voir, it  is  raised  again  to  this  kvd  by  means  of 
some  form  of  mechanical  ptmip. 
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CHAPTER  XX 

THE   INCANDESCING   ELECTRIC   LAMP 

"The  next  morning  the  African  magician  received  the  twelve 
lamps.  He  put  them  into  a  basket,  which  he  had  provided 
for  tht  express  purpose,  and  went,  with  these  on  his  arm, 
toward  Aladdin's  palace.  When  he  was  near  it,  he  began 
to  cry  with  a  loud  voice,  *I  will  exchange  old  lamps  for  new.* " 

— Arabian  Nights 

WE  will  now  examine  carefully  the  incan- 
descing electric  lamp;  i.e.,  the  lamp  act- 
ually at  work  in  producing  light  and 
illumination. 

As  we  have  already  explained,  the  incandescing 
lamp  is  an  extremely  poor  device  for  converting 
S2?of  to-  electric  energy  into  light  energy,  since  only  about 
\!!m^^^^^  4  per  cent  of  the  energy  supplied  to  the  lamp  is  con- 
verted into  light  energy,  the  remaining  96  per  cent 
being  converted  into  heat  energy. 

The  brightness  or  brilliancy  of  the  incandescing 
filament  depends  on  the  temperature  to  which  it  is 
raised.  The  higher  the  temperature  the  greater  the 
o/iampf'^  surface  activity,  and,  consequently,  the  greater  the 
brilliancy.  The  amount  of  light  emitted  by  the  glow- 
ing fUament,  however,  depends  not  only  on  its  sur- 
face activity  or  brilliancy,  but  also  on  the  length  of 
the  filament,  or,  in  other  words,  on  the  extent  of  the 
surface  that  is  emitting  light.  Since,  in  actual  prac- 
tice, the  extent  of  the  surface  activity  of  the  filament 
is  limited  to  a  particular  brightness,  the  candle- 
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power  of  lamps,  working  under  ordinary  conditions, 
will  be  proportional  to  the  length  of  the  filament.  2SStity 
In  other  words,  the  total  amount  of  light  emitted  °^"^^ 
will  depend  on  the  total  area  of  the  filament  that  is 
emitting  light.     For  example,  take  the  ordinary  i6- 
candle-power  incandescing  lamp,  which  requires,  ap- 
proximately, 48  watts  of  activity  for  its  operation. 
If  48  watts  will  produce  16  candle-power  of  light, 
we  would  say  that  such  a  lamp  is  operating  at  an 
expenditure  of  3  watts  per  candle.    A  32-candle- 
power  lamp,  of  the  same  character  of  filament  and 
the  same  surface  activity,  would  require  twice  as 
much  energy  to  operate  it,  or  would  take  96  watts, 
and,  under  these  circumstances,  must  necessarily 
have  twice  as  long  a  filament,  or  what  is  the  sameReutioa 
thing,  twice  the  surface  from  which  the  light  isJjS£!" 
radiated.    This  doubled  surface  for  emitting  the^JSlS 
light  can  generally  be  most  readily  obtained  by^^^^ 
increasing  both  the  length  and  area  of  cross-section  SCl'^t. 
of  the  filament.    In  other  words,  when  a  greater 
candle-power  lamp  is  obtained  by  the  use  of  the 
same  pressure,  and  under  the  same  conditions,  the 
filaments  are  generally  larger,  that  is,  longer  and 
thidcen 

The  Edison  i6-candle-power  lamps  are  made  for 
operaticMi  at  three  different  expenditures  of  energy : 
viz.,  at  3.1  watts  per  candle,  where,  approximately, 
twdve  i6-candle-power  lamps  can  be  obtained  by  525^5** 
the  expenditure  of  one  mechanical  horse-power;  atj^SS?!?. 
3.5  watts  per  candle,  where,  approximatdy,  ten  16-SSSr'^ 
candle-power  lamps  can  be  obtained  per  mechanical 
horse-power ;  and  at  4  watts  per  candle,  where,  ap- 
proximately, eight   i6-candle-power  lamps  can  be 
obtained  from  the  expenditure  of  one  mechanical 
horse-power. 
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at  a  greater  number  of  watts  per  candle,  or  fewer 
candles  to  the  horse-power. 

Lamp  filaments  are  made  in  a  variety  of  shapes. 

Some  of  the  principal  of  these  shapes  are  shown  in 

Fig.  162,  taken  from  Crocker's  book  on  "Electric 

Lighting."    A  single  U-shaped  or  horseshoe-shaped 

filament,  which  was  formerly  employed  in  most  of 

the  early  forms  of  lamps,  is  objectionable,  owing  to 

tosSSS^u  *h^  length  of  filament  sometimes  required,  together 

Jhc^ST.     with  its  tendency  to  droop  when  glowing  at  the 

menta.       jjjgjj  tcmpcraturcs   necessary.      Another  objection 

arises  from  the  fact  that  it  requires  a  larger  lamp 

chamber,  and  also  possesses  a  poorer  distribution  of 

light  than  other  forms  of  filaments.     Consequently, 

except  in  low  voltage  lamps,  this  form  of  filament  is 

now  almost  entirely  abandoned,  and  is  replaced  by 

some  form  of  curl  filament. 

The  single  curl  filament,  both  anchored  and  un- 
somedtf.    anchored,  and  the  double  filament,  are  very  fre- 
j£^^     quently    employed    for    use   on    constant-potential 
filaments,    ^lains  Varying  from  100  to  125  volts,  and  for  candle- 
powers  varying  from  8  to  50  candles.     When  the 
length  of  the  filament  is  considerably  increased,  the 
double  curl  form  is  employed. 

Lamp  filaments  are  anchored  in  order  to  prevent 
them  from  being  broken  by  vibrations  to  which  the 
lamps  may  be  exposed,  as,  for  example,  on  street 
cars,  and  also  to  prevent  the  glowing  filament  from 
Anchored  Sagging  or  bending  when  hot  and  thus  coming  in 
m^eots.  contact  with. the  walls  of  the  lamp  chamber,  which 
might  either  break  the  filament  itself,  or  crack  the 
lamp  chamber  and  ruin  the  vacuum.  The  anchors 
are  attached  to  diflferent  parts  of  the  lamp  tulb.  In 
some  cases,  as,  for  example,  in  tubular,  or,  as  they 
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are  sometimes  called,  bung-hole  lamps,  the  anchor  is 
connected  to  the  top  of  the  tube.  This  would  be 
objectionable  in  any  form  of  lamp  which  was  in- 
tended to  throw  its  light  mainly  downward,  since  the 
anchor  wires  would  produce  disagreeable  shadows, 
and  thus  injure  its  uniform  distribution.  There  is, 
however,  no  objection  to  this  in  the  tubular  lamp, 
when  employed,  as  is  usually  the  case,  for  the  illumi- 
nation of  shop  windows  or  show-cases,  and  where, 
therefore,  a  side  light  is  desired. 

Incandescing  lamps  are  made  to  operate  at  various 
voltages,  from  a  few  volts  to  220  and  upward.  JiJISJ^ 
When  placed  on  constant-potential  mains,  the  usual 
voltage  for  single  lamps  is  generally  either  50,  no, 
or  220  volts. 

For  low-voltage  lamps,  heavier  filaments  can  be 
employed.     This  permits  the  lamps  to  be  operated 
at  3. 1  watts  per  candle.  In  such  lamps  the  U-shaped,  £S!?  higi- 
looped  filament  is  commonly  employed.    Where  high  ^^ 
candle-power  is  required,  say  up  to  100  or  150  can-""'*** 
dies,   heavier  filaments  are  used.     These  require 
currents  of  from  6  to  9  amperes,  at  50  volts. 
In  such  lamps,  the  lamp  bases  must  be  used  in 
which  large  contacts  are  employed.     Keyless  sock- 
ets are  to  be  preferred  to  key  sockets,  so  that  the 
lamps  can  be  turned  on  or  off  at  a  switch,  and 
not  at  a  socket. 

The  Edison  Company's  i6-candle-power,  so-volt  Edison 
lamp  is  generally  operated  at  3.1  watts  per  candle.  rSSS"***' 
An  Edison  Company's  i6-c.  p.  lamp,  intended  for  J5^?Ju**' 
use  on  no-volt  mains,  is  shown  on  the  left-hand  JJ^y'SS^* 
side  of  Fig.  163.     Here  the  filament  is  U-shaped 
and  is  sometimes  a  single  curl,  anchored  at  the  mid- 
dle, the  anchor  wire  being  secured  to  the  glass 
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mount.  Notwithstanding  the  increase  o£  voltage  in 
the  finer  filament,  this  lamp  can  operate  at  3.1  watts 
per  candle-power,  provided  the  voltage  is  maintained 
ccmstant 

An  Edison  Company's  i6-candle-power  lamp,  in- 
tended to  be  operated  on  from  2 10  to  250-volt  mains. 


is  shown  at  tiie  right-hand  side  of  the  above  figure, 
nil*        Here  the  filament  is  of  the  double-curl  type,  anchored 
ofMcb-      at  two  separate  points,  as  shown.      The  increased 
CSS"^     length  and  ddicacy  of  the  filament  render  it  prefer- 
able to  operate  this  lamp  at  4  watts  per  candle.     The 
vacuum,  as  in  all  such  high-pressure  lamps,  must  be 
extremely  high.    Consequently,  the  final  exhaustirai 
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of  the  lamp  bulb  is  always  obtained  by  the  aid  of  the 
chemical  process. 

Tubular  lamps  are  sometimes  emplc^red  for  deco- 
rating purposes,  in  chandeliers.    They  are  also  con-  Jl^Jffo, 
venient  for  the  illumination  of  show-cases,  since  the^ 
^lape  of  the  lamp  bulb  permits  it  to  be  concealed 


inside  the  show-case  underneath  the  strips  of  mold- 
ing. A  form  of  tubular  lamp  is  shown  in  Fig.  164, 
of  the  "Colonial"  type. 

It  is  sometimes  desirable  to  introduce  an  electric 
resistance  into  a  circuit.  For  this  purpose  banks  of 
lamps  are  frequently  employed.  In  such  cases  a 
lamp  of  a  special  form  of  filament  is  employed,  a 
number  of  separate  filaments,  connected  in  series 


S06 
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being  placed  in  the  same  lamp  buUx     Such  a  lamp^ 

with  three  series-connected  filaments^  is  shown  in 

LuBgffltap  Fig.  165.  Lamps  of  this  tjrpe  are  constructed  of  a  re- 

g^^      sistance  as  high  as  1,000  ohms  when  cold,  and  capa- 

SSy     ble  of  carrying  a  current,  when  hot,  of  as  high  as  5 

amperes.    According  to  Weber,  the  temperature  of 

the  filament,  when  operated  at  3.1  watts  per  candle^ 


Fio.  i6s. — Resistance  Lamp.    Note  the  manner  in  which  the  three  fila* 
ments  are  placed  in  series  so  that  the  current  passes  successively  through 


is  somewhere  in  the  neighborhood  of  2900*^  F. 
When  operated  at  4  watts  per  candle,  this  tempera- 
tare  is  approximately  2840°  F.  These  values,  how- 
ever, are  only  to  be  regarded  as  approximate,  since 
the  temperatures  are  only  indirect^  determined- 

As  we  have  already  seen,  the  arc  lamp  emits  a 
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much  greater  amount  of  light  in  certain  directions 
than  in  others.     The  same  is  true  of  the  incandescing 
filament.     The  distribution  of  the  light  of  the  incan- 
descing lamp  varies  considerably  with  the  shape  of 
its  filament.     Generally  speaking,  the  lamp  is  placed  Di^riiMi. 
with  the  tip  of  the  bulb  pointing  downward.     Con-  ^^t 
sequently,  in  all  such  cases,  lamps  are  to  be  preferred  SpST^"^ 
which  give  the  greater  proportion  of  their  light  injj^^^ 
this    direction.     A    i6-candle-power    incandescing 
lamp,  with  a  U-shaped  filament,  will  generally  give, 
approximately,  6  candles  in  the  direction  of  its  tip; 
while  a  i6-candle-power  lamp,  with  the  long-curl, 
anchored  filament,  will  give  as  much  as  7  candles 
in  this  direction;  and  a  i6-candle-power,  double-curl 
filament  will  give  10  candles  in  this  direction.     It 
must  not  be  forgotten,  however,  that,  for  inside 
lighting,  for  which  incandescent  lamps  are  generally 
employed,  the  light  which  is  emitted  in  nearly  every 
direction  from  the  filament  is  thrown  from  the  walls, 
ceiling  and  articles  in  the  room,  on  to  the  different 
objects  to  be  illumined.     Moreover,  since,  for  the 
lighting  of  a  desk  or  a  book,  reflectors  or  ground-  4j2^ 
glass  bulbs  are  generally  employed;  a  fairly  uniform  S2?ilmp 
illumination  on  the  surface  of  a  printed  page,  orJSiS^S 
other  objects  requiring  good  illumination,  will  be 
obtained  from  nearly  any  form  of  filament.     It  is, 
however,  unquestionably  advantageous  to  employ 
filaments  of  such  shape  that  they  will  naturally  throw 
off  the  greater  proportion  of  their  light  in  the  direc- 
tion in  which  such  light  is  to  be  utilized. 

Incandescing  lamps  of  various  manufacture  vary 
greatly  in  the  length  of  time  during  which  they  are 
able  to  furnish  an  amount  of  light  equal  to  that  for 
which  they  were  made.  In  many  cases,  lamps  that 
will  give  either  16  or  32  candles  when  operated  at 
3.4   watts  per  candle,  or  twelve   i6-candle-power 
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lamps  per  horse-power,  will  continue  to  emit  this 
light  only  for  about  200  hours.    By  this  time  the 
filaments  will  have  become  so  deteriorated  that  the 
Siiw^     lamps  only  give  off  8  or  16  candles  respectively. 
SLasy"    After  this  point  is  reached,  the  lamps  have  so  in- 
fi^^      creased  in  resistance  that,  while  continued  on  the 
mains  for  which  they  were  desired,  it  will  be  al- 
most impossifale  to  supply  them  with  sufiicient  cur- 
rent to  raise  the  temperature  to  anything  near  the 
point  at  which  the  filament  could  possibly  break  from 
high  temperatures.  Such  lamps  will  continue  to  bum 
without  breakii^  for  a  very  long  time  afterward,  and 
this  is  a  decided  disadvantage.  Sudi  lamps  should  be 
renewed.    It  is  far  cheaper  to  throw  away  or  pur- 
posely break  them  or  replace  them  by  new  lanqps 
2d%ner  than  to  continue  their  use.    As  we  have  already 
mmmde.  Stated,  there  are  very  few  lamps  that  will  continue, 
Siongh      when  en^loyed  12  to  the  horse-power,  for  a  longer 
S^tSi  time  than  1,000  hours;  and,  in  point  of  fact,  it  is 
to  «adniie  g^,^  preferable  to  place  this  limit  at  600  hours  than 
at  the  higher  limit  of  1,000  hours. 

A  plan  sometimes  adopted  to  obtain  a  greater 
amount  of  light  from  deteriorated  oc  aged  lamps 
is  to  increase  the  voltage  on  the  mains  with  which 
they  are  connected.  This  is  a  mistaken  pcdicy,  and  is 
especially  unfair  to  the  consumer.  There  is,  neces- 
policy  to     sarily,  in  such  cases,  an  increase  in  the  amotmt  of 


Toiuffeoa  energy  thus  furnished  to  the  lamps  for  which  the 
customer  must  pay;  but  with  this  increase  cc«nes 
a  decrease  in  the  amount  of  light  received.  The 
f(dlowing  excellent  advice  concerning  lamp  re- 
newals is  given  by  the  General  Electric  Company. 
Although  this  advice  is  given  by  a  oonqmny  whose 
business  it  is  to  sdl  lamps,  yet  it  is  so  manifest^ 
correct  that  we  will  quote  it,  as  it  furnishes  infonna- 
tion  the  general  public  should  possess: 
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"The  necessity   for  frequent  lamp  renewals  is^ 
urgent  on  all  systems,  regardless  of  the  cost  ot^j^^l^*^^ 
power  and  whether  lan^  renewals  are  diarged  forB*^>*<^ 
or  furnished  free* 

"No  matter  how  wdl  oxistructed  or  operated  an 
electric  lighting  plant  may  be,  it  can  not  funuah 
dear,  good  light  miless  the  circuits  be  periodically 
swept  dean  of  the  dim  lamps. 

"This  deaning  out  of  dim  lamps  can  not  be  left 
to  the  customer.     To  be  thorough  and  df ective,  £^^p 
lamp  renewals  must  be  made  by  the  lightixig  com-;;^;^;^ 
pany  and  without  charge.    Only  by  free  renewals  g^'jjj^ 
can  a  statioa  have  that  complete  oontnd  of  its  light-  ^^ 
ing  service  which  is  requisite  to  perfect  results. 
The  present  price  of  lamps  is  so  low  as  to  make  it 
possiUe  for  all  stations  to  furnish  free  renewals 
at  but  slight  expense.     Free  renewals  could  be 
profitably  adopted  by  all  stations  instead  of  a  re- 
duction of  rates. 

'^With  free  renewals,  one  of  the  foUowii^  medi- 
ods  should  be  adopted: 

"i.  Periodically  remove  all  lamps  from  the  dr- 
oiits  one  to  four  times  per  year,  according  to  oondi-BSgg? 
tions,  and  replace  them  by  new  ones.  Photometer  ^^ff* 
tiie  lamps  removed  and  save  those  measuring  above 
a  prescribed  limit  (say  13  candle-power)  for  use  at 
high  voltage  points,  or  locations  where  reduced 
candle-power  b  of  sUgfat  importance.  Scrap  the 
remaining  lamps. 

"2.  Give  a  new  lamp  in  exchange  for  an  old  one 
for,  say,  every  $3  worth  of  current  supplied,  or  for  SSfv^^^ 
any  fixed  amount  determined  by  the  meter  rates  and  ^'"^'^•^ 
conditions. 

"The  second  plan  is  an  excellent  on^  in  that  it 
offers  a  bonus  for  the  use  of  current  and  r^fulates 
renewals  on  the  correct  basis  of  number  of  hours  of 
lamp  service.    It  can  be  profitably  adopted  where- 
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ever  meters  are  in  use.  A  station  attendant  should 
visit  customers  quarterly  and  instal  the  number  of 
new  lamps  due  each,  removing  and  returning  to  the 
station  an  equal  number  of  old  lamps.  .  .  • 

"In  cases  where  lamps  must  be  charged  for,  some 

P~2^^  measures  should  be  adopted  to  induce  customers 

SSJSSs'*'  to  renew  their  dim  lamps :  as,  otherwise,  dim  lamps 

are  nude,   ^iu  be  continued  in  service  as  long  as  they  will 

bum. 

"A  good  method  is  to  offer  new  lamps  in  ex- 
change for  dim  ones  (not  burned  out)  at  a  reduction 
in  price  of  one-quarter  or  one-half  cost.     A  cus- 
tomer, for  example,  would  save  by  paying,  say,  half- 
price  for  the  renewal  of  a  dim  lamp,  instead  of  wait- 
ing and  pa3ring  full  price  when  the  lamp  bums  out. 
"Another  method  is  to  offer  lamps  for  renewals 
Lamp  re-    ^^  ^^^  ^^^^  ^^^'  ^^V  ^5  ^^^^^  cach,  and  reserve  the 
SS'thaS*    right  to  say  when  lamps  shall  be  renewed.    Such  a 
*°**         plan  works  well,  as  no  customer  can  justly  com- 
plain when  the  company  renews  lamps  at  less  than 
cost. 

"The  price  of  lamps  to  the  customer  in  any  case 
Quality  of  should  be  made  as  low  as  possible— cost  price  or 
E*5^wf and  b^^c^w  cost — for  the  reason  that  profit  on  the  sale 
SS^iSS'p '^  oi  lamps  is  secondary  in  importance  to  the  sale  of 
JJiSk?yim.  current  and  improvement  in  quality  of  lighting  ser- 
poitance.  ^j^^  High  chargcs  and  illiberal  methods  in  sale  or 
supply  of  lamps  invariably  deteriorate  the  lighting 
service  for  the  following  reasons: 

"i.  Customers  are  induced  to  purchase  cheap 
lamps  from  outside  parties,  and  therefore  use  a 
low  grade  of  lamps. 

"2.  Customers  tend  to  retain  lamps  in  service  as 
long  as  they  will  last,  and  thus  load  up  the  cir- 
cuits with  numbers  of  old  and  dim  lamps. 

"Every  station  should  have  some  system  of  lamp 
renewals,  which  will  not  depend  upon  the  customer. 
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and  whkh  will  limit  the  average  life  of  the  lamps 
to  within  600  hours." 

There  are  certain '  defects  that  occur  during  the 
operation  of  an  incandescing  lamp  which  act  to  de- 
crease the  value  of  its  candle-power.  One  of  these 
defects  arises  frcwn  the  Uackening  of  the  lamp  J?u2?5f by 
globes,  due  to  the  deposit  of  carbon  on  the  inakk  J{«J5S«« 
surfaces.  This,  of  course,  decreases  the  amount  of 
light  that  can  pass  through  the  bulb.  Blackening 
generally  results  from  one  of  two  causes :  either  the 
lamp  has  been  subjected  to  too  high  a  pressure,  or 
it  has  been  kept  in  operation  for  too  long  a  time 
without  renewal. 

For  indoor  illumination,  where  i6-candle-power 
lamps  are  employed,  the  number  of  lamps  required 
for  every  100  square  feet  of  floor  surface  will  de- 
pend on  the  general  character  of  the  illtunination  re- 
quired. This  will  necessarily  vary  under  different 
circumstances.  An  ilhmiination  suitable  for  a 
church  or  a  library  would  be  insufficient  for  a  ball-  SSS?%.**' 
room,  a  hotel  dining-room,  or  a  corridor.  Gener- S^lii^u. 
ally  speaking,  however,  it  may  be  said  that  two  16-'"""****®°*' 
candle-power  lamps  for  every  100  square  feet  of 
floor  surface  will  give  what  may  be  regarded  as  a 
good  illumination;  three  i6-can<Ue-power  lamps  per 
hundred  square  feet  of  floor  surface  will  give  a  very 
bright  illumination;  while  four  i6-candle-power 
lan^  per  hundred  square  feet  of  such  surface  will 
give  a  brilliant  illumination. 

The  above  figures,  however,  will  vary  considerably, 
according  to  the  height  of  the  ceiling,  and  the  color 
and  general  character  of  the  surfaces  of  the  walls  and 
ceiling.  Dark-colored  walls  and  ceilings  absorb  light, 
while  the  lighter  colors  throw  it  off,  and  aid  in  ob- 
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taining  a  g;uieral  uniform  illumination  by  throwing 
-fi^    it  to  different  parts  of  the  room.     It,  therefore, 
id*il!iOT^  frequently  happens,  where  the  ceilings  are  high,  and 
mJ\"'    the  general  character  of  the  decoration  and  color- 
iT^S^bS-  "ng  of  the  walls  and  ceilings  unfavorable,  that  the 
i<|2ired.    number  of  lamps  above  given  for  every  hundred 
square  feet  of  floor  surface  will  require  to  be  multi- 
plied by  2yi  or  3,  in  order  to  obtain  the  proper 
illumination. 

No  matter  what  the  character  of  the  illumination 
may  be,  care  should  be  taken,  whenever  the  occupa- 


FiO.    iM. — Arllitic   Placing  of   Ltnp*   on    Columa   in   Dininc-room   of 

Haul. 

impor-  tion  carried  on  in  the  illumined  room  requires  the 
KCDcniitiu- continued  use  of  the  eyes,  as  where  a  close  and  con- 
workroonu.  stant  inspection  of  the  work  is  necessary,  to  have 
not  only  the  work  itself  properly  illumined,  but  also 
to  ensure  a  general  illumination  over  all  parts  of 
the  rocMn,  since  the  change  from  the  amount  of  light 
received  when  the  eyes  are  directed  steadily  at  the 
work,  to  that  received  when  they  are  momentarily 
directed  to  the  poorly  illumined  parts  of  the  room, 
results  in  a  strain  that  is  bad  either  for  good  work 
or  good  eyesight.  In  all  cases,  the  eyes  should  be 
protected  from  light  directly  reaching  tiiem.from  the 
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lamp.  As  a  rule,  the  general  use  of  dear  globes  or 
unshaded  lamps  is  objectionable.  It  is  better  to|i^V( 
employ  frosted  globes,  or  to  surround  the  globe  by^!"^' 
a  suitable  porcelain  shade,  especially  where  the  light  [S?" '' 
is  intended  for  use  in  reading.  The  effect  of  em-ffj'^ 
ploying  a  frosted  globe  of  ground  glass,  or  other '"'''*^- 
similar  material,  is  to  obtain  a  much  more  uniform 


Tfaii  Mjle  at  dinribuCion  i 

illumination  by  general  diffusion  than  by  the  di- 
rect falling  of  the  light  on  the  body  to  be  illumined. 

Various  plans  are  adopted  for  distributing  lamps 
iw*  inside  illumination.  Where  the  room  to  be  illu- 
mined is  large,  or  contains  a  number  of  high  col- 
umns or  pillars,  a  very  pleasing  effect  consists  in 
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placing  a   band   of  lamps  in  various  ornamental 

designs  around  the  column  pillar,  at  a  distance  of 

eight  or  ten  feet  above  the  floor,  such,  for  example, 

as  shown  in  Fig.  166;  or,  the  lamps  may  be  placed 

in  various  forms  of  chandeliers,  or,  as  they  are 

called  when  furnished  with  electric  tamps,  electro- 

i^^^iiM  liers,  as  shown  in  Fig.  167.     Beautiful  artistic  de- 

'tera'Md""  signs  of  various  types  are  possible  in  such  a  group- 

oiherhigb-  j^^^  ^j  ^  numbcr  of  incandescent  lamps.    As  a  rule, 

""^       when  placed  in  chandeliers,  the  grouping  of  the 


lamps  is  such  that,  at  times  when  a  very  high  de- 
gree of  illumination  is  not  desired,  only  some  of 
the  lamps  are  lighted,  and  yet,  the  general  distri- 
bution of  these  few  lamps  is  such  that  they  do  not 
fail  to  give  a  pleasing  effect  from  an  artistic  stand- 
point. In  such  cases,  keyless  sockets  are  always 
employed,  the  different  circuits  of  lamps  being 
to^ckei  controlled  by  means  of  switches  placed  in  a  suitable 
umpi.  position.  In  cases  where  chandeliers  are  employed, 
aidditional  lamps  are  generally  placed  on  the  walls 
of   the   rcxxa,    on    side   brackets    of    various    de- 
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signs.    Sometimes  these  two  systems  are  combined  Ba^tridi, 
with  lamps  placed  in  the  ceilings,  especially  whenJ^JiSStai 
the  rooms  are  high.    An  example  of  this  combined  ^^ 
method  of  distribution  of  lamps  is  shown  in  Fig.^S" 


i68.     This  character  of  illumination  is  suitable  for 
halls,  dining-rooms,  etc. 

Incandescent  lamps  have  been  very  successfully 
employed  for  decorative  effects  required  for  out- 
side lighting,  such  as  is  shown  in  Fig.  169,  where 
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the  Madison  Sqtiare  Tower,  in  New  York  City,  is 
illuniined  by  incandescent  lamps.  Very  beautiful 
outside  effects  are  obtained  by  employing  lamps  of 
varying  candle-power  for  the  outade  illiunination 


OmatwBi- 


1  of  the  Gnod  Coan  of  tbe  Omaha  Expodtioa 


of  the  grounds  and  buildings  in  exhibitions,  as,  for 
example,  shown  in  Fig.  170,  which  gives  the  ap- 
pearance of  the  Omaha  EKposition  grounds  when 
lighted  at  night. 
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CHAPTER   XXI 

DISTRIBUTION     OF    INCANDESCENT     LAMPS 

"Every  room 
Hath  blazed  with  light" 

— Timon  of  Athens,  Act  I.,  Scene  II 

INCANDESCENT  lamps,  like  arc  lamps,  are 
operated  both  in  series  and  parallel,  and,  like 
arc  lamps,  may  be  connected  to  the  terminals 
of  the  dynamos  or  generators  that  supply  them  with  ^ulJfp"^ 
current,  either  on  constant-current  circuits,  or  onJJ^*^^? 
constant-potential  circuits.  By  far  the  greater  num-  gSJJJJ***"* 
ber  of  incandescent  lamps,  however,  are  employed 
in  connection  with  dynamos  on  constant-potential 
circuits.  In  many  cases,  where  the  lamps  are  oper- 
ated in  series,  they  are  placed  in  groups  of  series- 
connected  lamps  across  constant-potential  mains. 
For  example,  the  three  series-connected  lamps 
shown  in  Fig.  171  are  placed  between  constant- 
potential  mains  +  and  — ,  so  that  the  current  from 
the  positive  main  +  enters  lamp  A,  then  enters 
B,  and  then  C,  finally  returning  to  the  dynamo  by 
the  negative  main  — .  In  Fig.  172,  however,  the 
same  +  and  —  mains  may  have  three  lamps  con- 
nected to  them  in  parallel.  Here  the  current 
branches  or  divides  into  three  separate  paths,  pass- 
ing through  the  lamps  A,  B,  and  C,  to  the  negative 
main,  by  which  it  returns  to  the  dynamo. 

Incandescent  lamps  are  sometimes  connected  di- 
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rectly  in  series  to  the  terminals  of  the  dynamo. 

JSSumps  Here  constant-current  dynamos  must  be  employed. 

?5S3^***  The  current  supplied  by  arc-light  dynamos  has  been 
employed  for  such  purposes.  In  such  cases,  the 
lamp  filaments  must  be  made  of  such  short  lengths 


I 


I 


1 


Fxa.  171. — Serks-connceted  Incandescent  Lamps  on  Constant-potentiBl 
llains.  Note  here  the  three  aeries-connected  lamps  and  the  passage  of 
the  current  from  the  positive  main  sucoeasively  through  A,  B,  and  C 


and  comparatively  great  areas  of  cross-section  as 
will  enable  them  to  safely  take  the  9.5  amperes 
commonly  employed  on  arc-light  circuits.  As  in 
the  case  of  all  series  circuits,  in  order  to  prevent  the 
failure  of  any  one  lamp  from  extinguishing  all  the 


B 


Fia  17a. — Multiple-connected  Lamps  on  Constant-potential  Mains. 
Note  here  that  the  current  passes  simultaneously  through  the  three 
lamps,  At  B,  and  C,  from  the  positive  to  the  negative  main. 


remaining  lamps  on  the  circuit,  some  form  of  safety 
Sit*?©?**"  cut-out  must  be  employed.  One  of  the  devices  most 
JSJSSirted  commonly  employed  for  this  purpose  is  called  tfie 
SmSSjw.  fil"^  cut-out,  in  which  a  thin  strip  of  paper  is  placed 

at  /,  Fig.  173,  between  two  metallic  strips  that  are 
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connected  to  the  terminals  of  the  lamp.    Ordinarily, 
therefore,  with  a  pressure  of  approximately  only  6 
volts  between  the  lamp  terminals  that  would  gen- 
erally be  employed  on  an  arc-light  circuit  of  theSi"^ 
type  above  referred  to,  this  would  prevent  any  of^^^iS"' 
the  current  from  passing  at  this  point.     If,  how-Smp^" 
ever,  the  filament  of  the  lamp  should  break,  the 
pressure  at  its  terminals  would  tend  to  rise  to  the 
full  pressure  of  the  machine  terminals,  which  might 
be  as  high  as  a  thousand  volts.     This  pressure  is 
sufficient  to  cause  a  disruptive  spark  to  pass  through 


the  film  of  paper,  where,  forming  a  short  arc,  it 
fuses  together  the  two  metallic  strips  and  thus  com- 
pletes a  permanent  path  past  the  faulty  lamp. 

Various  other  methods  are  sometimes  emplt^ed 
for  obtaining  a  series  distribution  of  incandescent  uk  of 
lamps  for  street  lighting  purposes.  Where  alter-^^ 
nating  electric  currents  are  employed,  a  constant- K?1!S 
current  transformer  is  used,  of  the  same  type  as  that "'"'"" 
employed  in  the  distribution  of  series  alternating- 
current  arc  lamps. 
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The  method  is  sometimes  adc^ted  of  placing  a 
number  of  series-connected  lamps  across  constant- 
potential  mains.  Here,  however,^  instead  of  employ- 
ing cxily  a  few  lamps,  such  as  are  shown  in  Fig.  171, 
the  mains  are  kept  at  a  constant  pressure  of  from 
500  to  1,000  volts,  by  being  connected  to  a  single 
compound-wound,  and,  consequently,  self-regulat- 
ing generator,  D,  Fig.  174*  A  number  of  series- 
connected  lamps  are  placed  in  multiple  or  parallel 
on  the  constant-potential  main,  as  shown  in  the 
figure  below,  where  five  separate  sets  of  series- 
connected  lamps  are  placed,  so  as  to  be  fed  from  D. 


Fig.  174. — Connection  of  Groups  of  Series-connected  Incandescent 
Lamps  Across  Constant-potential  Mains.  Note  that  tbe  current  indi- 
cator, A,  is  placed  at  the  end  of  each  series-connected  circnit  of  lamps 
nearer  the  dynamo  D. 


This  method  of  connection,  as  we  have  akeady 
seen,  is  called  the  parallel-series  connection.  Where- 
ever  it  is  employed,  it  is  necessary  to  maintain  a 
constant  current  in  the  separate  circuits.  When, 
therefore,  a  lamp  filament  in  any  one  of  the  circuits 
SSrSfcf  *>reaks,  and  is  removed  from  the  drcuit  by  the  oper- 
tikioffuiap  2ttion  of  the  film  cut-out,  the  current  strength  in  this 
particular  circuit  increases.  In  order  to  prevent 
this  increase  of  current  from  flowing  through  the 
remaining  lamps  and  thus  injuring  them  by  pro- 
ducing too  high  a  temperature,  a  current  indicator, 
A,  is  placed  in  each  separate  circuit  at  tiie  central 


Use  of 
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Station.  Here  an  attendant,  by  looking  at  the  cur- 
rent indicator,  will  see  that  one  of  the  lamps  has 
been  removed  from  the  particular  circuit  in  which 
such  indicator  is  placed,  and  will  switch  in  an  ad- 
ditional or  "relief"  lamp,  L,  in  the  circuit,  thus  re- 
storing the  normal  current  strength. 

For  inside  lighting,  incandescent  lamps  are  prac- 
tically always  placed  on  constant-potential  mains. 
Here,  as  in  Fig.  175,  the  terminals  of  the  dymxao 
D  are  connected  with  the  positive  and  negative 
mains  respectively,  and  a  number  of  lamps  connected 
to  the  mains  in  parallel.    Here  four  lamps  only  are 
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Fig.   175. — Parallel  Connection  of  Incandescent  Lamps  on  Constant- 
potential    Mains. 


shown,  for  the  purpose  of  simplicity.    Let  us  sup- 
pose that  the  generator  is  capable  of  supplying  a 
constant  pressure  of  1 12  volts  at  its  terminals,  and  NcocMitp 
that  in  the  mains  the  resistance  of  the  conductors  i^^^of 
or  the  leads  is  such  as  to  cause  a  loss  or  drop  of  po-  d^bS^ 
tential  in  the  pressure  amounting  to  say  two  volts.  £^1^£? 
Lamps  connected  to  the  ends  of  such  a  circuit  might, 
therefore,  have  a  pressure  of  only  say  no  volts, 
while  the  lamps  nearer  to  the  generator  would  have 
a  pressure  more  nearly  equal  to  that  existing  be- 
tween its  terminals.    The  drop  of  pressure  on  the 
mains  causes  all  the  lamps  to  receive  a  pressure 
sc»newhat  lower  than  that  supplied  by  the  dynamo. 
Moreover,  some  of  the  lamps  will  receive  a  pres- 

Vol.  II.—  15 


822 


ELECTRICITY  IN   EVERY-DAY   LIFE 


Difference 
in  candle- 
power 
canted  by 
a  tingle 
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sure  lower  than  that  received  by  the  others.  It  is 
necessary,  therefore,  that  means  be  taken  to  prevent 
too  great  a  drop  of  pressure  on  the  mains,  and  too 
great  a  difference  in  the  pressure  received  by  the 
different  lamps.  In  nearly  all  cases,  a  comparatively 
small  difference  of  potential  supplied  to  the  lamps 
will  cause  a  marked  difference  in  the  intensity  of 
the  light  they  emit;  for  example,  in  most  lamps,  a 
difference  of  a  single  volt  may  cause  a  lamp  that 
would  give  i6  candle-power  at  a  pressure  of  no 
volts,  to  emit  only  15  candle-power  at  109  volts. 


One  method  of  preventing  too  great  a  drop  of 
pressure  on  the  mains  is  by  the  use  of  what  are 
called  feeders.  In  a  feeder  system,  wires  or  con- 
ductors, FF,  Fig.  176,  connect  the  generator  termi- 


Fig.  176.— System  of  Feeder  Distribution.  Here  feeders,  FF,  FF, 
extend  from  the  dynamo  terminals  to  the  central  points  of  the  mains 
A  A'  and  B  B'. 


nals  with  some  distant  point  of  the  mains,  in  this 
case  to  the  central  point  of  the  conductors  of  the 
SSem  for  niains  A  A'  and  B  B',  and  there  maintain  a  certain 
S^ve*^  difference  of  potential.  No  lamps  are  connected 
pJSwure  with  the  feeders.  Their  purpose  is  solely  to  main- 
on  mains.    ^^^^  ^  certain  pressure  at  a  distant  part  of  a  main. 

For  example,  in  the  case  shown  in  Fig.  176,  the 
lamps  at  the  ends  A  A'  and  B  B'  of  the  main  may 
have  a  pressure  of  say  114  volts,  while  those  near 
the  central  part  of  such  mains  may  have  a  somewhat 
higher  pressure,  while  the  pressure  at  the  dynamo 
may  be  as  great  as  145  volts.    Usually  a  number  of 
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sqiarate  feeders  are  en^loyed,  ccmnected  with  va- 
rious parts  of  long  mains. 

Of  course,  these  differences  of  potential  or  drops 
conld  be  avoided  by  the  use  of  sufficiently  heavy  con- 
ductors.    In  the  case  of  the  parallel  connection  of 
lamps  shown  in  Fig.  175,  it  is  evident  that  that^^ 
portion  of  the  mains,  near  the  generatc»r  D,  must^^^l^ 
necessarily  have  a  current  passing  throt^h  it  suffi-^SS^S^. 
dent  to  sapply  all  the  lamps  that  are  connected  in^?Q°s^^ 
parallel  with  the  mains.     If  these  lamps  take  one^iST 
kcnpere  of  current  each,  then  those  p^  of  tfae^^HL 
mains  near  the  dynamo  must  convey  a  current  of 
one  ampere  to  each  of  the  four  lamps,  or  must  have 
a  current  strength  of  four  amperes  passing  through 
it;  the  next  portion  will  have  three  amperes;  the 
next  two,  and  the  next  one,  as  marked  on  the  fig- 
vare.    In  order  to  save  copper,  it  would  not  be  nec- 
essary to  have  the  conducting  mains  of  tiie  same 
diameter    throughout    all    parts    of   their    length. 
Therefore,  such  conductors  might  be  made  tapering 
in  form,  or  conical  in  shape,  thus  saving  consider- 
able in  the  weight  of  the  conductor  required.   Since, 
however,  conical  conductors  are  difficult  to  produce, 
the  same  result  may  be  attained  in  practice  by  em-cOTic5fw* 
ploying  conductors  of  smaller  and  smaller  areas  of  frOTTdr- 
cross-section  in  parts  of  the  circuit,  further  and 
further  from  the  generator,  through  which,  conse- 
quently, a  smaller  and  a  smaller  current  is  required 
to  be  passed. 

Differences  in  the  load,  or  the  number  of  lamps 
employed  in  paralld  systems,  where  feeders  are 
used,  such  33  will  occur  during  different  times  of 
the  day  and  night,  will  necessarily  cause  a  greater 
drop  to  take  place  on  the  loaded  feeders  than  on  the 
feeders  that  are  comparatively  idle.     Unless  these 
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differences  are  provided  for,  variations  will  occuj 
itiSC*""   i^  A^  pressure  at  the  lamp  terminals,  which  will 
«3S'5y   result  in  annojring  irregularities  in  the  amount  of 
JJiSS?"  light  emitted,  with  a  ccMisequent  decrease  in  the  life 
of  the  lamp.    There  are  various  ways  in  which  this 
difficulty  may  be  avoided ;  viz.,  the  value  of  the  load 
on  certain  comparatively  idle  feeders  may  be  in- 
S^JJJuSi!.  creased  by  cutting  out  some  of  the  feeders  from  their 
raneSed!^  Connection  with  the  bus-bars,  the  name  given  to  the 
main  terminals  that  are  connected  with  the  d3mamos 
or  generators  in  the  central  station;  or  the  idle 
feeders  may  have  an  increased  resistance  introduced 
into  their  circuit  by  the  emplo)rment  of  a  form  of 
rheostat,  called  a  feeder  regulator;  or  the  central 
station  may  be  provided  with  generators  operat- 
ing at  different  pressures. 

A  feeder  equalizer  consists,  as  seen  in  Fig.  177 
SiwoSer.   of  a  rheostat,  containing  artificial  resistances  of 

iron  wires,  that  are  so  connected  and  arranged  by 

the  movements  of  the  equalizer  switch,  shown  in 
SStS.**'   Fig.  178,  that  they  may  be  connected  in  series  or  in 

parallel,  and  introduced  into  or  removed  from  the 

circuit. 

The  multiple  system  of  distribution  of  incandes- 
cent lamps,  or  distribution  by  means  of  constant- 
potential  mains,  requires  for  the  transmission  of  a 
given  amount  of  electric  energy  between  the  gen- 
erator or  dynamo  and  some  distant  point,  as  we 
efforts  at  havc  sccn  in  the  case  of  the  arc  lamp,  a  considerably 
sureuJSh  greater  weight  of  copper  than  its  distribution  by 


mission 


circuits  for  scries-connection  to  a  constant-current  system.     It 
Snn£ttd   has  only  been  for  a  comparatively  few  years  that 
centui^  incandescent  lamps  could  be  successfully  operated 
at  greater  pressures  than  from  1 10  to  120  volts,  al- 
though, at  the  present  time,  as  has  been  pointed  out. 
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they  can  be  saccessfully  operated  at  from  220  to  240 
volts.     Consequently,  early  in  the  history  of  dec-fi^^ 
trie  lighting',  plans  were  a(k)pted  for  decreasit^  t^ST^^ 
aniaunt  of  copper  required  to  tranmrit  the  dectricjIJ^EIS^ia 
ena^  over  circtuts  of  comparatively  great  lengths.  ^Sm.*"' 
These  efforts  have  always  been  in  the  direction  of 


Pio.  in-— KiKtMit  lot  Feeder  Eqaalncr.  The  Mfsnte  fCiiMiaacs 
ol  the  Tcrtical  spir^  of  wire  tre  Tarumalr  grouped  or  ccmneeted  t^ 
tbe  matemenu  of  the  equ^iur  switch  reprewnted  to  Fig.   178. 

empk^ng  pressures  higher  than  no  or  120  volts, 
and  so  placing  lamps  in  connection  with  mains  sup- 
plied with  such  pressures  that  no  more  than  half 
the  total  pressure  could  possibly  be  applied  at  the 
lamp  terminals. 

Pfefhaps  one  of  the  most  generally  em[4oyed 
ot  the  above  systems  was  invented  by  Edison  in 
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America,  and  Hopkins  in  England,  independently 
of  each  other.  In  this  system,  which  was  called  the 
three-wire  system,  instead  of  employing  a  single 
dynamo  capable  of  producing  a  pressure  of  240 
volts  at  its  terminals,  two  separate  djmamos  were 
employed,  each  capable  of  producing;  120  volts  at 
JSwS'^  its  terminal.  These  had  their  positive  and  n^ja- 
i^yjigj.  tive  terminals  connected  together,  as  shown  in  Fig. 
'  179,  where  the  positive  terminal  of  the  dynamo  D, 
was  connected  with  the  negative  terminal  of  the  dy- 
namo Da.  In  this  system,  as  its  name  indicates, 
there  are  three  mains  or  conductors.  AA,  6B,  and 


CC.     The  conductor  or  main  AA,  called  the  posi- 
tive main,  is  connected  to  the  positive  terminal  of 
poriiivj.     Di ;  the  conductor  or  main  CC,  called  the  negative 
"§"neutr«i  conductor  or  main,  is  connected  with  the  negative 
Sre^ilrt  terminal  of  the  dynamo  Dj ;  while  the  conductor  or 
>n  main  EB,  called  the  neutral  conductor,  is  connected, 
as  shown,  at  B,  the  common  junction  of  Dj  and  D^, 
The  lamps  are  placed,  as  shown,  between  the  three 
mains. 

Under  these  circumstances,  there  will  be  a  differ- 
ence of  potential  between  the  mains  AA  and  CC  of 
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240  volts,  while  between  AA  and  BB,  or  between  CC 
and  BB,  there  will  be  a  difference  of  potential  only 
one-half  as  great,  or  of  120  volts.     When  all  the 
lamps  shown  in  the  figure  are  in  operation,  no  cur-  JSttii* 
rent  whatever  flows  through  the  neutral  conductor  ^"^Jjjg* 
BB.     If,  however,  a  greater  number  of  lamps  areJJJgiof 
in  use  between  one  set  of  mains  than  between  the^*2™f« 
other,  then  the  difference  between  the  current  sup- 
plied  to  the  two  systems  of  mains  will  be  transmitted 
through  the  neutral  conductor.     When,  therefore, 
as  is  generally  the  case,  the  number  of  lamps  em- 
ployed on  the  different  mains  nearly  balance  one 
another,  the  neutral  conductor  can  be  made  of  much 
smaller  area  of  cross-section  than  either  the  positive 
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Fio.    179. — ^Three-wire   Syttem  of   Incandeaoent   Lamp   Distribution  in 

Seriet-multiple. 

or  the  n^;ative  conductor.  Consequently,  by  the 
use  of  the  three-wire  system,  a  saving  can  be  ob- 
tained, in  the  total  weight  of  the  copper  required  to 
transmit  a  given  amount  of  electric  energy,  amount- 
ing, on  the  average,  to  about  67  per  cent  of  that 
required  under  similar  conditions  by  the  two-wire 
system. 

In  actual  practice,  however,  there*  are  many  ob- 
jections to  the  three-wire  system  of  distribution.     In  objectiona 
the  first  place,  it  requires  two  separate  dynamos ;  it  wiKsyst^ 
increases  the  number  of  circuits  that  have  to  beSSSSil!**" 
established  and  maintained ;  it  increases  the  number 
of  measuring  instruments,  switches,  and  cut-outs 
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that  are  required  Consequently,  two-wire  circuits 
are  much  employed,,  especially  now,  since  it  is  pos- 
sible to  employ  lamps  at  pressures  of  from  220  to 
240  volts. 

There  have  been  devised  a  numb^  of  modifica- 
tions of  the  three-wire  system.     Four,  five,  and  even 
Md  iv2*.  seven-wire  systems  have  also  been  devised,  (^>erating 
terns 3di8-  practically  on  the  above  principle.    Of  course,  the 
tributka.    greater  the  number  of  wires  the  higher  the  difference 
of  potential  employed,  and,  consequently,  the  smaller 
the  weight  of  copper.      For  exan^le,  calling  the 
weight  of  copper,  required  for  the  transmission  of  a 
given  amount  of  energy  over  a  given  distance  by 
means  of  the  two-wire  system,  1,000  lbs.,  then,  on 
the  assumption  that  the  areas  of  cross-section  of  all 
of  the  wires  are  equal,  the  three-wire  system,  under 
the  same  conditions,  would  take  375  lbs.  of  copper. 
Relative     the  four-wirc  system  222  lbs.  of  copper,  the  five-wire 
S^uSore  system  156  lbs.,  and  the  seven-wire  system  97  lbs. 
dl32)lSl^**'The  above  advantage  gained  in  the  weight  of  the 
JSpdl^'  copper  required  is  more  than  lost  by  the  inconven- 
tribution.    jgnces,  especially  in  multi-wire  systems  above  three 
wires. 
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CHAPTER  XXII 

SOME  SPECIAL  TYPES  OF  INCANDESCENT  LAMPS 
"Bright  as  young  diamonds."— Dryden 

INCANDESCENT  lamps  are  made  in  a  great  va- 
riety of  shapes  and  types,  both  as  r^;ards  the 
shape  and  character  of  their  filaments,  the  size, 
character  and  shape  of  the  lamp  bulbs,  the  manner 
in  which  the  lamps  are  connected  to  the  supply  wires  S^of  L 
or  conductors,  and  the  purposes  for  which  the  lamps  SSpSf^*** 
are  employed.  It  will  be  interesting  to  examine 
some  of  the  more  important  of  these  forms. 

Lamps  employed  in  candelabra  and  electric  signs 
are  generally  connected  in  series,  in  order  to  simplify  series-in. 
the  wiring  employed.     In  other  words,  instead  ofSSp^?' 
placing  such  lamps  on  the  constant-potential  mains  ^t^ii 
that  are  employed  for  inside  wiring  in  multiple,  a*^**^^ 
number  of  separate  groups  of  series-connected  lamps 
are  placed  across  such  constant-potential  mains.     • 

A  few  of  these  lamps  are  shown  in  Fig.  i8o.     The 
lamps  represented  at  A,  B,  D  and  F  are  suitable  for 
use  in  candelabra,  and  that  shown  at  E  for  use  in  Edison 
illumined  signs.     The  candelabra  lamps  shown  areS^cted 
suitable  for  connection  in  series  of  2,  3  or  4  across  ^de^bra 
100  to  120-volt  mains,  or  2  in  series  or  in  multiple  umpsf" 
across  50  to  6o-volt  mains.     The  lamp  shown  at  A 
is  intended  to  be  employed  only  as  ^  lo-candle-power 
lamp.    The  other  lamps  give  a  candle-power  accord- 
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fng  to  the  number  that  are  placed  in  series  in  each 
circuit  For  example,  on  loo  to  rzo-volt  circuits, 
with  2  lamps  in  series,  each  lamp  gives  8  candle- 
power;  with  3  in  series,  each  lamp  gives  5  candle- 
power  ;  and  with  4  in  series,  4  candle-power ;  while, 
if  burned  in  multiple  on  circuits  of  from  50  to  60 
volts,  each  lamp  will  give  about  8  candle-power.  The 
candelabra  shown  in  Fig.  181  has  its  lamps  series- 
connected  to  the  mains. 

Where  smaller  candle-power  lamps  are  desired, 
a  greater  number  of  lamps  can  be  placed  in  series 


FiO.  iEd.— EdiMm  Scri«  Cudelabn  and  Sign 


across  the  mains.  For  example,  the  3-candle-power 
lamp  shown  in  Fig.  182,  is  intended  to  be  employed 
with  8  lamps  in  series  across  no  to  120-volt  mains, 
or  with  4  in  series  across  50  to  60-volt  mains.  Such 
lamps  require  a  current  of  about  i  ampere  to  main- 
tain them.  The  i-candle-power  lamp  shown  in  the 
above  figure,  is  placed  8  in  series  across  1 10  to  120- 
voh  mains,  or  4  in  series  across  50  to  60-volt  mains. 
Here  each  lamp  requires  a  current  of  about  .33  am- 
peres to  maintain  it.    The  3-candle'power  lamp  is 
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employed  for  decorative  purposes,  where  a  fairly 
large  quantity  of  light  is  desired  in  each  lamp,  and 
where  the  amount  of  current  that  can  be  obtained  is 
not  limited.  The  comparatively  large  current  trav- 
ersing the  filaments;  i.e.,  i  ampere,  renders  it  ob- 
jectionable to  employ  such  lamps  for  sign  work, 
where  the  separate  lamps  are  placed  near  together. 


Fig.  i8i. — Candelabrm  with  Series-connected  Lamps  in  Hotel  Parlor. 


since  the  amount  of  heat  they  liberate  is  large.  For 
such  purposes,  the  single-candle-power  lamp  is  pref- 
erable. The  theatrical  lamp,  shown  in  the  above  ^tnJ^f^ 
figure,  gives  i  candle-power  when  i6  separate  lamps 
are  placed  in  series  across  loo  to  120-volt  mains,  or 
where  8  are  placed  in  series  across  50  to  6o-volt 
mains.     Such  lamps  are  employed  for  decorating 
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dancers,  or  for  scenic  effects.     Each  lamp  requires 
a  current  of  one-half  ampere  to  maintain  it. 

In  the  employment  of  incandescing  lamps   for 
coioricfs    decoration  or  for  sign  work,  the  lamp  bulbs  may  be 
famp^^bSS?  Hfiade  of  colorless,  clear  glass ;  that  is,  either  trans- 
parent or  ground.     Generally,  however,  the  bulbs 
are  colored,  either  by  dipping  them  in  some  suitable 
liquid,  or  by  making  the  bulbs  of  colored  glass. 

The  emplo)rment  of  a  number  of  series-connected 
incandescing  lamps  for  illuminated  signs  produces 
very  pleasing  and  striking  effects.     Here  each  letter 


Fig.  xSa. — Some  Special  Forms  of  Edison  Series  Lamps.  The  3. 
candle-power  lamp  is  represented  at  A;  the  x -candle-power  lamp  at  B, 
and  the  theatrical  lamp  at  C. 

is  represented  by  a  number  of  separate  lamps  placed 
in  series,  so  as  to  produce  the  outline  of  the  separate 
letters.  Such  a  sign  is  employed  by  the  Delaware 
&  Lackawanna  Railroad  at  one  of  its  piers,  as  shown 
in  Fig.  183. 

Sometimes  series-connected  lamps  of  small  candle- 
power  are  arranged  so  that  no  socket  is  necessary, 
g^^^j^^^  the  lamps  being  simply  looped  in  series  by  hooking 
McSdS^  them  together.  A  lamp  of  this  type,  especially  in- 
dSaS*"*  tended  to  be  connected  8  in  series  on  loo  to  120-volt 
lamps.  mains,  and  4  in  series  on  50  to  6(>-volt  mains,  is 
shown  in  Fig.  184,  where,  as  b  also  shown  in  this 


""tsSfTy 


^ure,  a  number  of  such  lamps  are  directly  connected 
together  by  looping'  them  in  series^  Such  lamps  can 
be  en^)k>yed  for  the  dectvation  of  Christmas  trees, 
but  when  so  employed  care  should  be  taken  to  avoid 
the  formation  of  minute  arcs  at  the  loops  t^  insuffi- 
cient connection. 

For  street-car  lighting,  the  lamp  filament  must 
necessarily  be  anchored,  so  as  to  prevent  breaking 
from  the  jolting  and  vibrations  to  which  the  lamps 


fia   1S3.— U«e  of  Scria-ctnuKcted  loouideioent  Lamp*  for  Ulamincd 
Swu. 

are  subjected.     But  even  though  anchored,  the  fila- 
ments of  such  lamps  must  be  made  comparatively 
short  and  thick,  so  that  bc4h  the  efficiency  and  the  coinpuiT'B 
brilBancy  of  the  ilhunination  are  lessened.     A  lamp  ^^^ 
suitable  for  such  uses  is  shown  in  Fig.  185.     Here  SJ^Jf^ 
the  filament  is  anchored  by  means  of  a  metallic  an-  ""'  '"^ 
chor  wire,  attadied  to  the  middle  of  the  kx^  and 
the  glass  mount.     This  arrangement,  by  permitting 
the  entire  filament  to  vibrate  together,  lessens  the 
danger  of  breakage  from  excessive  vibration.     Since 
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railway  lamps  are  operated  on  drcuits  whose  voltag^e 
varies  from  550  to  600  volts,  they  are  necessarily 
placed  in  such  circuit  in  series.  Consequently,  tiieir 
filaments  must  be  so  selected  as  to  possess  the  same 
current  capacity.  Street-railway  lamps  are  gener- 
ally made  of  from  32  to  16  candle-power,  though, 
of  course,  they  may  be  made  tor  other  candle-powers. 

The  type  of  lamp  known  as  the  battery  lamp,  is 
designed  for  use  with  other  voltaic  or  storage  bat- 
teries.   Since  the  voltage  produced  by  such  sources 


Fid.    1S4. — Sockctless     Series-connected    Incandescent     Electric    Lamps. 
Suitable  for  use  on  Christmas  tree*. 

is  generally  small,  battery  lamps  are  connected  to  the 
source  in  multiple.  Battery  lamps  are  employed  for 
the  lighting  of  steam  passenger  railway  coaches,  on 
which  storage  batteries  are  employed.  They  are 
made  to  operate  on  various  voltages  with  various 
candle-powers. 

The  Edison  battery  lamps,  shown  in  Fig.  186,  pro- 
duce the  candle-poww^  that  are  marked,  respectively, 
under  each  lamp.  Here  the  one-half  candle-power 
lamp  requires  an  E.M.F.  of  from  3  to  5  volts,  and 
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a  current  of,  approxiinately,  i  to  .6  amperes.     Thee 


other  lamps  require  the  following  voltages  and  cur-  aM% 
rents:  viz.,  i-candle-power  lamp,  4  to  6  volts,  1.4  toSLiTU" 


.9  amperes ;  2-candle-power  lamp,  4  to  7  volts,  2  to 
I.I  amperes;  3-candle-power  lamp,  5  to  7  volts,  2j4 
to  1.75  amperes;  4-candle-power  lamp,  7  to  9  volts, 


2}i  to  1.75  amperes,  and  the  6-candle-power  lamp, 
9  to  12  volts,  2.75  to  2  amperes. 

Very  small  battery  lamps  are  employed  for  the 
illumination  of  the  mouth.     They  are  made  of  the 
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form  shown  in  Fig.  187,  where  the  leading-in  wires 
are  inserted  at  the  sides  of  the  lamp  bulb,  as  shown, 


\ 


■t 

1 


Fia.  187. — Ediaon  Dental  and  Surgical  Ineaodtacent  Electric  T..iT.p., 
The  dental  lide  leal  lamp  is  tbown  at  A.  B  is  a  ipedal  dental  side  seal 
lamp.  C  is  ■  dental  lamp  with  ■  bottom  seal.  D  is  a  pea  lamp,  and  B 
a  surgical  lamp. 

Deniaiand  °^  Sometimes  at  the  bottom.  In  addition  to  the 
"jSjeji^*  dental  lamps,  the  above  figure  shows  two  other  min- 
■■■"p^       iature  lamps,  called  the  pea  and  the  surgical  lamp. 


FiQ.  i87A. — Examini 


All  the  lamps  shown  in  the  above  figure  are  of  }4 
candle-power,  and  require  from  3  to  5  volts,  and 
take  a  current  of  from  i  to  .6  amperes. 
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Sometimes  small  lamps  of  fairly  high  candle- 
power  are  placed  in  front  of  a  lei^  and  fastened 
on  the  fcx-ehead  of  the  physician  so  as  to  illumine 
the  throat  of  a  patient  that  is  being  examined,  as 
reiM'csented  in  Fig.  187A, 

Sometimes,  as  we  shall  see  in  the  study  of  tbcTcttpboM 
telephone,  small  incandescent  lamps  are  placed  onji^^^ 
the  telephone  switchboard,  for  the  purpose  of  acting'*'™'* 


Fio.  188. — iDctndeKmt  Lampa  tor  Tdephone  SwUehbovdi  for  VWliI* 

as  visible  signals.  In  order  to  save  space,  the  lamps 
are  made  so  that  the  base  occupies  a  small  space  on 
the  board.  Two  forms  of  tele[^one  lamps  are  shown 
in  Fig.  188.  These  are,  re^>ectively,  ^  and  )4  of 
a  candle-power,  and  operate,  respectively,  at  pres- 
sures varying  from  10  to  12,  and  20  to  24,  volts. 
They  each  require  a  current  of  .14  amperes. 

A  variety  of  telephone  switphboard  with  the  ttie- 
ph<Hie  lamps  in  pl^e  is  shown  in  Fig.  i88a.  Hera 
the  passage  of  the  current  displays  the  agnal  by 
lighting  the  lamp,  while  the  breaking  of  the  current 
removes  tiie  ^gnal  by  extinguishii^  the  lamp. 

^ttery  ]amps  ior  bicycle  headlights  are  suuietmifis 
employed,  fed  either  from  voltaic  01  stcnage  hair 
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teries.  Since,  in  such  cases,  the  battery  power  is 
milTCT'i'to?  generally  limited,  it  is  necessary  to  make  bicycle 
uSjr°*°'  lamps  of  a  high  economy.  That  shown  in  Fig.  189 
is  capable  of  yielding  about  ^  of  a  candle-power  at 
4  volts  and  .5  amperes.  Sometimes,  however,  lamps 
are  employed  which  will  g^ive  .3  of  a  candle-power 
at  4  volts  and  .25  amperes.     In  the  same  figure,  a 


Flo.  iUa. — Telephone  Switchboard,  ■ 


i-candle-power  miner's  lamp  is  shown,  fed  from  a 
small  battery  carried  by  the  miner.  These  lamps 
require  from  about  3J4  to  sJ^  volts,  and  from  .9  to 
1.4  amperes. 

A  bicycle  lamp  fed  by  a  storage  battery  is  repre- 
sented, in  Fig.  189A,  at  work  on  a  bicycle.  Srane- 
times  small  primary  batteries  are  enq>loyed  m  con- 
nection with  these  lamps. 


SOME  SPECIAL  TYPES  OF  IVOASDEBOB'ST  LAMPS 


Incandescent  lamps  for  lantern  or  stereopticon 
apparatus,  when  made  of  hi^  candle-power,  and 


Fia.  1S9. — BicTcIc  and  Hincr't  InouuiesceDt  Electrie  Lampa.  Ttm 
i-ondk  miocr'i  lamp  b  ■bown  it  A.  At  B,  >  i-i  eutdle-po**'  '■"■P 
witli  a  flat  bulb.    At  C  ia  a  bicrek  lamp,  and  at  D  ■  4<«iidte  flat  lamp. 

designed   to   be   supplied    from    constant-potential"^^ 
mains,  employ  heavy  filaments,  that  are  concentrated  Sl?1^^ 


I.  iS^jk. — Bicycle  L^oii 


as  nearly  as  possible  in  a  small  space,  so  that  the  li^ 
emitted  may  come  from  nearly  a  single  point.     For 
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this  purpose  a  oonical,  spirally-shaped  filament,  such 
as  that  shown  in  Fig.  190,  is  generally  emi^yed. 
Where  a  voltaic  or  a  storage  battery  is  to  be  em- 


I^oyed  for  such  lamps,  a  special  form  of  lamp  is 
required.  In  sudi  cases,  a  double  lo(^>ed  filament  is 
generally  employed. 


Besides  battery  lamps  of  the  forms  above  referred 
ud'm^-  ***»  there  are  many  others,  such,  for  example,  as  the 
*''*™*      small  microscopic  lamp,  shown  in  Fig.  191,  and  de- 
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signed  for  illuminating  an  c^ject  under  microscopic 
examination.  Small,  miniature  battery  lamps  are 
also  employed  for  stick-pins  and  watch-charms,  as 
shown  in  tiie  same  figure  These  tamps  are  oper- 
ated by  the  current  from  a  small  storage  or  primary 
battery,  carried  on  the  body  of  the  person,  and  oper- 
ated by  a  simple  push-button,  or  other  switch,  con- 
cealed in  the  podcet.  The  manner  of  use  of  the 
microscope  lamp  will  be  readily  understood  by  an 


examination  of  Fig.  191A.  A  battery  lamp,  suitable 
for  an  automobile,  is  also  shown  to  the  right  of 
Fig.  191  B.  It  is  designed  to  produce  6  candle- 
power,  at  from  22  to  14  volts.  The  attachment 
of  two  such  Tamps  to  an  automobile  is  represented 
to  the  left  of  this  figure. 

Various  devices  have  been  employed  for  the  pur- 
pose of  turning  down  an  incandescent  electric  lamp, 
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that  is,  of  causing  it  to  onit  a  smaller  quaadty  of 

dSfc^fw  light  than  usual.      Where  alternating-current  in- 

(iowaSi>     candescent  lamps  are  employed,  this  is  readily  ac- 

".SSri?*"'  complished  by  the  introduction  of  an  inductance  or 

*"^       a  choking  coil  into  the  circuit,  since  this  can  be  done 

without  any  serious  loss  of  energy.     An  objection 

to  this,  however,  is  in  the  humming  sound  accom- 

,  panying  its  use.     On  direct-current  circuits,  the 

same  thing  is  accomplished  by  the  introduction  of 

a  mere  ohmic  resistance  into  the  circuit.     This, 

however,  is  objectionable,  cwi  aaxnurt  of  the  loss  of 


Fic.    I9IB. — Automobile   Lamp  and   MUchment  of  Mme   to  Automobile. 

energy  so  occasioned.  On  direct-current  circuits, 
therefore,  otha"  plans  have  been  devised  for  turn- 
ing down  the  lamp.  One  of  these  plans  consists 
in  placing  two  filaments  in  the  same  lamp  bulb,  so 
arranged  that,  by  the  movements  of  the  lamp  key, 
these  two  filaments  can  be  employed  in  multiple  for 
full  candle-power,  or  one  can  be  cut  out  of  the  cir- 
cuit for  half  candle-power,  cw  the  two  can  be  con- 
nected in  series  for  reduced  candle-power.  In  the 
Edison  night  lamp,  shown  in  Fig.  192,  the  light  is 
P_  turned  down  by  the  movements  of  a  small  screw, 
seen  at  the  upper  left-hand  side  of  the  lamp  base. 
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These  movements  reduce  the  light  by  the  introduc- 
tion of  resistances  in  the  circuit  of  the  filament. 


Fto,  191. — EdUoD  Night  Lamp. 


Whenever  the  extinguishment  of  a  lamp  mightjj^^ 
produce  serious  results,  such  as  where  the  lamps  areuS^^ 
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employed  as  side-lights  for  vessds  at  sea,  a  lamp 
called  the  twin  or  douUe-filament  lamp  is  sometimes 
employed.  Here  two  filaments  are  placed  in  paral- 
lel across  the  supply  ocmductor,  so  that  if  one  lamp 


Fio.  194. — loouideaaMit  Electric  I^mp  for  Deik. 

is  accidentally  extinguished,  the  other  will  continue 
baming.  Care  must  be  taken  not  to  confound  this 
lamp  with  the  donble-filament  lamp  emplc^red,  as 


described  in  the  preceding  paragraph,  for  the  pur- 
pose of  being  able  to  turn  down  an  electric  lamp,  so 
as  to  vary  its  intensity. 

Where  lamps  are  employed  in  the  open  air,  and 
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espedally  at  sea,  spedal  care  must  be  taken  to  thor-waur- 
oughly  protect  the  lamp  sockets  and  other  exposed  S^JiT*'^ 
parts  against  the  entrance  of  water.    This  is  read-  £w^ 


Fig.  196. — FlexiUe  Peoduit  or  Gird  for  Rttdfly  Altering  tbe  Hcicfat 
of  MB  Incaodneeiit  Lnnp.  Tbe  lamp  cord  ia  ahortened  or  leiigtbeiMd 
by  meaiu  of  tbe  ball-cord  adltutcr  ■hawn  at  J. 


ily   accompHshed    by   the   employment    of    special 
water-tight  seals. 


Various  forms  of  shades  and  reflectors  are  em- 
ployed in  connection  with  the  incandescent  lamps  be- 
fore described,  when  employed  for  general  purposes 
of  indoor  illumination.  These  shades  or  reflectors  are 
pla<»i  above  the  lam>s  in  the  usual  manner.    Several 
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lamps  may  be  {daoed  under  a  single  large  shade,  as 
shown  in  Fig.  193.  Stmietimes  a  half  metal  shade  is 
emplcqrcd,  as  shown  in  Fig.  194.  This  form  of  shade 
is  suiblhte  for  the  ilhmiination  of  a  desk,  since  the 
half  reflector  throws  the  lig^t  downward.  Where 
lamps  are  placed  in  positi<ms  especially  exposed  to 
J^£^Uf'  danger  of  breakage,  they  are  sometimes  protected 
by  surrounding  the  lamp  hulb  by  a  wire  guard,  as 
shown  in  Fig.  195,  made  in  the  form  of  an  open 
wire  network.  For  inside  lighting,  of  course,  the 
use  of  such   shades  would   be  highly   objection- 


PlO.  197. — Half-dude  Redector,  for  throwiiiE  light  in  one  direction, 

able,  since  the  opacity  of  the  wire  would  prevent 
tiie  uniform  distribution  of  light  needed  for  illu- 
mination. 

One  advantage  which  incandescent  lighting  pos- 
sesses over  ordinary  illumination  is  that,  within  cer- 
'*■  tain  limits,  the  fixture  can  be  made  movable  or 
portable,  since  the  lamp  can  either  be  suspended  di- 
rectly from  a  flexible  cord  or  pendant,  as  shown  in 
Fig.  196,  with  a  ball-cord  adjuster,  J,  by  means  of 
which  its  height  can  be  readily  altered,  or  the  lamp 
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can  be  connected  with  stidi  pendant  and  attached 
to  a  flexiUe  stq)port  for  the  purposes  of  desk  lamps,  ^^ 
such  as  shown  in  Fig.  197.     In  the  lamp  six>wD  h«re 
the  surroundtng  lamp  cyHndei  is  half  ground  and 
half  clear,  and  can  be  turned  so  that  the  desk  can 


be  illumined  either  with  a  clear  or  a.  subdued  light. 
Where  the  lamp  is  placed  in  the  ceilmg  of  a  room, 
a  number  of  separate  lamps  are  sometimes  put  in- 
side a  smgle  opalescent  bowl  or  half-giobe  attached 
to  a  brass  fixttrre,  as  ^own  tn  Fig.  197A. 

Where  incandescent  electric  lamps  are  suspended 
from  flexible  lamp  cords  or  conducting  wires,  va- 


Fio  igS. — Lamp  Cord  AdjmWr.     Tbe  lamp 


rious  plans  are  adc^ted  to  readily  vary  the  height 
of  the  lamp.     In  the  method  shown  in  Fig.  198  the 
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lamp  is  raised  or  lowered  by  a  device  similar  to 
the  spring  in  a  shade  or  curtain.  The  cylinder  on 
which  the  lamp  cord  is  placed  is  shown  in  the  en- 
larged drawing  on  the  left-hand  side  of  the  figure. 


Fia  199. — ComUiiatioii  Electric  Light  and  Gas  Fixture, 

In  cases  where  rooms  are  supplied  with  both  gas- 
S^^   light  and  incandescent  lamps,  fixtures  called  combi- 
i^iuo^  nation  fixtures,  containing  both  gas  jet  and  incandes- 
cent lamps,  are  employed,  as  in  the  form  shown  in 
Fig.  199, 
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CHAPTER  XXIII 

HOUSE-FIXTURES     AND     WIRING 

"There  can  be  no  doubt  that  the  most  important  nuitter  to 
be  kept  in  mind  when  considering  the  subject  of  interior  wir- 
ing, is  the  fire  risk.  This  is  especially  true  in  this  country, 
where  wood  enters  so  much  more  into  the  constmction  of 
ordinary  buildings  ^an  it  does  ill  Evrppean  ooimtrics."— 
H.  Wabd  Liomasd 

WHEN  incandescent  lamps  were  first  intro- 
duced, a  fear  existed  that  their  use  would 
be  dangerous  to  life  and  would  neces- 
sarily increase  the  fire  risks.     Actual  experience, 
however,  has  proved  that  the  incandescent  electric 
illiunination  is  far  safer  than  any  other  artificial 
illumination.     The  fact  that  the  source  of  light  is 
completely  covered  by  a  glass  globe  renders  an  in- JSSfjScttie 
candescent  lamp  far  safer  as  an  illuminant  than  aj^^^^ 
candle,  oil  lamp,  or  gas  light.    Then,  again,  the  use  a^J^^t 
of  the  incandescent  lamp  does  away  with  the  use^^ 
of  the  dangerous  friction  match,  since  the  electric  ^^t^^ 
lamp  merely  requires  the  movement  of  a  key,  or  of 
a  switch  handle,  in  order  to  turn  on  the  light     Still 
again,  the  use  of  the  incandescent  lamp  for  indoor 
lighting  is  more  conducive  to  health.    A  candle,  oil 
lamp,  or  gas  flame  vitiates  the  air,  and  renders  it 
unfit  for  breathing,  since  these  lights  require  that 
their  combustible  materials  shall  enter  into  combina- 
tion with  the  oxygen  of  the  air.    Their  long  use  in 
a  room,  where  the  air  is  not  frequently  renewed, 
renders  it  unfit  for  breathing,  not  only  because  the 
life-giving  oxygen  is  removed,  but  also  because  such 
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lights,  during  their  maintenance,  throw  out  into  the 
room  a  large  quantity  of  useless  gas,  formed  by  the 
union  of  carbon  and  oxygen. 

Although  the  incandescent  lamp  bulb  becomes 
heated  during  use,  and  so  heats  the  air  that  comes 
JSfiSS^   in  contact  with  it,  yet  this  increase  of  temperature 
SSdileil*"  is  far  less  than  that  produced  by  candles,  oil  lamps, 
^^^    or  gas  jets,  since  these  illuminants  throw  off  large 
volumes  of  heated  gases.     Consequently,  in  warm 
weather,  the  temperature  of  a  working  room  be- 
comes much  hotter  with  ordinary  illuminants  than 
with  incandescent  lighting.    This  fact  is  especially 
noticeable    in    large   manufactories,    where   much 
night  work  is  done,  the  operatives  being  much  less 
fatigued  where  electric  lighting  is  employed  than 
where  any  of  the  old  forms  of  illuminants  are  used. 

Accidents  arising  from  the  human  body  receiv- 

locaadfis-    iug  dangcrous  discharges  from  high-pressure  con- 

SVSe"  ductors  can  practically  be  entirely  averted.      In- 

Src  rSt  °'  deed,  at  the  present  time,  both  insurance  companies 

and  fire  departments  regard  incandescent  lighting 

as  possessing  far  less  risks  than  any  other  form 

of  illumination.     Actual  statistics  concerning  the 

causes  of  fires  or  dangerous  accidents  show  that  the 

number  caused  by  the  use  of  incandescent  lighting 

is  far  less  than  that  caused  by  any  other  system  of 

artificial  illumination. 

But  in  order  to  ensure  safety  from  fires  or  acci- 
dents, great  care  must  be  employed  in  properly  in- 
wiresor _  Stalling  the  wires  or  conductors  that  connect  the 
house  or  building  with  the  street  mains.  It  will  be 
interesting,  therefore,  to  examine  somewhat  in  de- 
tail the  distribution  of  the  conductors  that  are  em- 
ployed,  in  connection  with  the  illumination  of  a 


conductors. 
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building,  from  the  point  where  they  leave  the  street 
mains  and  enter  the  house,  to  the  various  points  at 
which  the  lamps  are  connected. 

Where  the  wires  enter  the  building,  in  order  to 
prevent  the  water,  during  rain  storms,  from  run- 
ning along  the  wires,  a  contrivance  called  a  drip'*"'"""''' 
loop  is  employed.  This  consists,  as  shown  in  Fig. 
200,  of  a  drip  tube  made  of  porcelain,  or  other 
insulating  material,  through  which  the  conductor 
passes.  This  tube  slants  downward  from  the  open- 
ing, so  that  a  fairly  sharp  bend  is  given  to  the  wire 
before  it  enters  the  tube.    Care  must  also  be  taken 


— Drip  Loop,  for  prevcattng  nin  water  from  enterinc  building 


that  the  space  between  the  two  wires  which  enter 
the  building  should  be  sufficiently  far  apart  to  pre-  oiituuc 
vent  a  short  circuit  from  taking  place  between  them!3ShS>^ 
during  wet  weather.    This  distance  should  never  bewEm. 
less  than  twelve  inches,  and  may  be  preferably  even 
greater  than  this. 

In  order  to  prevent  a  current  of  excessive  strength 
from  entering  the  building,  some  suitable  form  of  aoioouUc 
autMnatic  cut-out  must  be  inserted  on  each  of  the««^i« 
service  wires,  as  the  wires  that  enter  the  building 
are  generally  called.    This  cut-out  consists  of  either 
some  form  of  automatic  circuit-breaker,  or  a  fuse 
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Senrke 
■witch. 


wire,  and  is  so  arranged  that  whenever  the  current 
strength  exceeds  a  given  value  the  fuse  wire  melts 
and  the  service  wires  are  thus  automatically  cut  out, 
or  disconnected,  from  the  street  mains.  The  cut-out 
16  placed  oa  the  inside  wall  of  the  building,  as  near 
as  possible  the  point  where  the  service  wires  enter. 
From  this  point  the  wires  extend  to  the  service 
switch.  This  switch  should  contain  conductors  of 
such  a  size  that  it  can  safely  open  the  circuit  when 
the  maximum  current  is  passing  into  the  house. 
This  switch  generally  takes  the  form  of  a  knife 
switch.  Since  the  handles  of  such  switches,  where 
care  is  not  taken  in  their  construction,  will  some- 
times fall  by  the  action  of  gravity,  arrangements 
should  be  made  by  which  this  fall  will  disconnect 
the  house  from  the  mains,  rather  than  connect  them 
with  the  same. 


Switcb- 
boarda. 


Distribot- 
iogor 
panel 
boards. 


Cut-out 
boxes. 


Beyond  the  service  switches,  the  conducting  wires 
extend  to  a  piece  of  apparatus  called  the  switch- 
board, oh  which  are  placed  a  meter,  employed  for 
measuring  the  amount  of  current  that  passes  from 
the  street  into  the  building;  various  switches  for 
the  control  of  the  different  wires  or  conductors  that 
pass  from  the  switchboard  to  different  parts  of  the 
building,  and  automatic  cut-outs  for  such  wires. 
In  small  buildings,  ccMiductors  pass  directly  from 
the  switchboard  to  the  different  parts  of  the  build- 
ing, where  the  various  lamps  are  installed.  In  large 
buildings,  however,  wires  called  feeder  wires  may 
pass  to  smaller  switchboards,  called  distributing 
boards  or  panel  boards,  from  which  separate  con- 
ductors called  mains  pass  in  various  directions. 
These  mains  are  furnished  with  automatic  cut-outs, 
placed  in  boxes,  called  cut-out  boxes,  from  which 
various  branch  wires  pass,  to  which  the  lamps,  etc., 
are  connected.     Sometimes  still  smaller  conductors, 
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called  taps,  are  connected  to  the  branch  wires.  This  Bnoeh 
general  character  of  distribution  is  shown  in  Fig. ST*" 


Sun 


Fig.  «oi. — ^Scheme  for  Interior  Wiring  of  House.  Note  the  conaee- 
tions  of  the  different  conductors  from  the  senrioe  line,  where  they  enter 
the  building,  to  the  switchboards,  feeders,  mains,  branches,  taps,  etc. 


20 1,  taken  from  Prof.  Crocker's  book  on  "Electric 
Lighting." 
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CHAPTER    XXIV 

THE  COMMERCIAL  SALE  OF  ELECTRICITY 

It  is  naught,  it  is  naught,  saitb  the  buyer;  but  when  he  is 
gone  has  way,  then  he  boasteth. — Prov^rbs^  xx.  14 

LECTRICITY,  like  any  other  thing  of  value 
which  has  cost  money  to  produce,  must  be 
sold  at  a  profit  to  those  who  desire  to  buy 
it.  In  order  to  do  this,  we  must  be  able  fairly  to 
measure  the  quantity  of  electricity  that  passes,  so  as 
SSSkfty.  to  know  what  charge  should  be  made.  This  is  done 
in  a  variety  of  ways,  by  means  of  instruments  called 
electric  meters,  which  are  not  only  able  to  measure 
the  amount  of  electricity  that  passes  through  a  given 
circuit,  but  are  also  able  to  leave  a  permanent  record 
or  registration  of  this  amount  In  order  to  be  able 
correctly  to  measure  so  intangible  a  thing  as  elec- 
tricity, we  make  use  of  some  of  the  many  effects 
which  electricity  is  able  to  produce. 

Electric  meters  are  of  a  variety  of  forms,  and  can 
Meters  that  be  divided  into  classes,  according  to  the  character 
tSS^c-of  the  effect  employed  in  their  operation.     For  our 
th^uSrt   purposes,  however,  it  is  sufficient  to  divide  meters 
w^t-hoilre!  into  two  classes :  viz.,  those  which  measure  the  quan- 
tity of  current  that  passes  in  ampere-hours,  and  those 
which  measure  the  amount  of  energy  that  passes  in 
watt-hours.     An  ampere-hour  is,  in  reality,  a  unit 
of  electric  quantity.     It  is  equal  to  a  current  of  i 
anq)ere  flowing  for  one  hour,  and  is,  therefore,  a 
measure  of  quantity,  i  ampere-hour  being  a  quan- 
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tity  of  electricity  equal  to  3,600  coulombs.  When 
multiplied  by  the  volts,  and  expressed  in  watt-hours, 
it  be(x>nies  a  measure  of  energy. 

It  is  by  no  means  an  easy  problem  to  produce 
an  electric  meter  which  shall  be  satisfactory  alike  to 
buyer  and  seller.     To  meet  this  difficult  require- 
ment, the  meter  must  be  absolutely  fair  to  both  par-  aCii^^^^ 
ties,  and,  moreover,  should  so  record  or  raster  its  efecuST^ 
resuhs  that  such  records  or  registrations  can  be*"^^* 
readily  read  by  either  party,  so  that  each  can  know 
whether  the  metiers  are  properly  performing  their 
work.    Of  course,  some  electric  energy  must  be 
expended  in  the  operation  of  a  meter,  and  this  should 
be  made  as  low  as  possiUe.     Moreover,  the  intro- 
duction of  the  meter  into  the  consumption  circuit 
riiould  not  interfere  with  the  flow  of  current,  or  with 
the  pressure  on  the  mains  or  conductors  connected 
therewith. 

After  the  central  station  has  ascertained,  by  means 
of  the  meters,  the  quantity  either  of  the  electric  cur- 
rent or  electric  energy  it  has  supf^ed  a  custcmaer,  it 
remains  to  determine  upon  wluit  conditions  diarges 
should  be  made  for  the  same.    It  would  not  be  fair 
to  die  central  station,  and  wotdd,  therefore,  be  un- 
businesslike, to  charge,  at  a  r^nular  rate,  for  a  cer- 
tain number  of  ampere-hours,  or  watt4iours,  unless 
such  diarge  is  based  on  the  fact  that  it  costs  the  cen- 
tral station  more  to  produce  a  watt-hour  or  an  am-  Electricity 
pere-hour  at  a  certain  time  of  the  day  or  year  than  at??rSii* 
it  does  at  other  times.      Unless,  therefore,  these  {^^^^^^ 
diarges  are  made  so  as  to  cover  the  average  cost  per  *°**  ^^' 
ampere-hour  or  per  watt-hour,  an  injustice  would  be 
done,  either  to  the  buyer  or  to  the  seller.     This  arises 
from  the  fact  that  the  quantity  of  energy  the  central 
station  supplies  at  different  hours  of  the  day,  and  at 
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different  months  of  the  year,  varies  greatly.      In 

large  cities,  the  load  on  the  central  station,  that  is, 

the  amount  of  electric  energy  it  is  delivering,  is 

especially  great  generally  between  4:30  and  7:30 

p.M.^  during  the  winter  months,  and  is  unusually 

small  during  the  middle  of  the  day.    The  central 

iSdS""  station,  however,  in  order  to  meet  the  demand  that 

SSion.      may  be  made  on  it  for  electric  energy,  must  install 

sufficient  steam  boilers,  engines,  and  dynamos  to 

supply  the  maximum  load  that  may  be  called  for. 

Consequently,  for  a  large  part  of  the  day,  much 

of  its  apparatus  is  necessarily  idle.      It  is  to  the 

advantage,  therefore,  of  the  central  station  to  so 

arrange  with  the  purchasers  of  electricity  that  the 

load  shall,  as  nearly  as  possible,  be  averaged  during 

the  twenty-four  hours;  or,  in  other  words,  that  an 

Swgeat    inducement  in  the  way  of  a  smaller  charge  shall  be 

houre*of     offered  to  customers  calling  for  a  supply  when  the 

OT*iiigft.     load  is  ordinarily  light,  and  an  extra  charge  for  those 

requiring  service  when  the  load  is  near  its  maximum. 


Sometimes  the  central  station  makes  a  charge  ac- 
cording to  the  number  of  lamps  installed,  whether 
used  or  not ;  or  the  supply  is  metered,  and  a  charge 
made  at  an  average  rate;  or  the  supply  is  metered, 
^ '%,  and  the  charge  based  on  tlie  amount  of  current  or 
riwItrTcity.  energy  actually  called  for.  In  some  cases,  however, 
meters  are  employed  in  which  a  number  of  separate 
rates  are  charged,  according  to  the  hour  of  the  day. 
In  such  cases,  separate  meters  are  employed,  which 
are  automatically  inserted  into  or  removed  from  the 
line  at  certain  hours  of  the  day,  by  means  of  a  clock. 
Sometimes  a  fixed  charge  is  made  for  all  hours,  and 
a  certain  rebate  is  allowed  for  a  consumption  of  en- 
ergy beyond  a  given  amount.  For  small  consumers 
Seters.  a  meter  is  sometimes  employed,  which  is  operated  by 
dropping  a  coin  of  a  certain  value  in  a  slot,  by  means 
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of  which  the  electric,  current  or  energy  will  continue 
to  be  supplied  until  a  certain  quantity  has  passed. 

Meters  that  measure  the  amount  of  current  in 
ampere-hours  are  operated  in  a  variety  of  ways.  The 
fonn  most  commonly  employed,  until  within  a  few 
years  past,  was  that  of  the  Edison  meter,  which  oper- 
ated by  means  of  the  power  which  an  electric  current 
possesses  of  decomposing  a  chemical  substance.  The  ehemiaa 
Edison  chemical  meter  consists,  essentially,  of  an" 
plating  bath,  or  a  glass  cell  containing  a  solution  of  "t 


zinc  sulphate,  in  which  two  plates  of  chemically 
pure  zinc  are  dii^>ed.  The  operation  of  this  meter 
is  based  on  the  fact  that  when  an  electric  current 
passes  through  the  solution  of  zinc  sulphate,  from 
one  plate  to  the  other,  the  plate  connected  with  the 
n^ative  terminal  increases  in  wdght,  by  receiving  a 
d^sit  of  metallic  zinc,  while  the  plate  connected 
with  the  positive  terminal  decreases  in  weight,  be- 
cause some  of  the  zinc  is  dissolved  from  its  surface. 
The  quantity  of  electric  current  that  has  passed  is 
determined  by  removing  the  plates  from  the  solution. 
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carefully  drying  and  weighing  them.  An  Edison 
chemical  meter  of  this  type  is  shown  in  Fig.  204, 
In  this  meter  only  a  small  proportion  of  the  current 
passing  through  the  line  wires  is  passed  through  the 
solution  of  zinc  sulphate,  the  meter  being  placed  in 
a  shunt  circuit  around  a  resistance,  R,  of  German- 
silver  wire,  and  another  smaller  resistance  connected 
in  series  with  the  plating  bath. 

Since  the  freezing  of  the  solution  of  zinc  sulphate, 
in  cold  weather,  would  interfere  with  the  operation 


of  the  meter,  Edison  adopted  the  ingenious  expe- 
dient of  introducing  an  electric  lamp  inside  the 
meter  box,  and  so  arranging  its  circuit  connections 
that,  when  the  temperature  fell  below  a  certain  point, 
the  lamp  was  automatically  switched  into  the  cir- 
cuit, the  heat  generated  by  the  burning  of  the  lamp 
being  employed  to  keep  the  air  in  the  meter  box 
warm.  This  automatic  introduction  of  the  lamp 
was  effected  by  means  of  a  device  called  a  thermo- 
stat A  rod  is  formed  by  placing  two  strips  of  metal, 
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of  different  expansibility,  parallel  one  on  the  other, 
and  riveting  tiiem  together.     Differences  of  tetn- 


Fio.  ao«. — Tbotnaon'i  Electric  Two-wire  Recordins  Hetec. 

perature  cause  this  rod  to  curve  in  one  direction 
when  heated,  and  in  the  opposite  direction  when 
cooled.     When  the  air  inside  the  meter  box  falls 
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below  a  certain  temperature,  the  movement  of  the 
thermostat  completes  a  circuit  through  a  small  set- 
screw,  S,  shown  at  the  upper  left-hand  side  of  Fig. 
205,  while  a  movement  in  the  opposite  direction, 
produced  by  too  high  a  temperature,  cuts  the  lamp 
out  of  the  circuit.     The  Edison  chemical  meter  is 
w^uae    capable  of  giving  fair  measurements  of  the  amount 
meter  has   of  Current  passing.    By  reason,  however,  of  dissatis- 
continucd.  factiou  caused  from  the  inability  of  customers  to 
read  the  indications  of  the  meter,  it  has,  in  later 
years,  to  a  great  extent,  been  replaced  by  registering 
meters  that  can  be  read  by  the  customer. 

A  form  of  meter  for  measuring  the  energy  sup- 
plied in  watt-hours,  very  generally  employed,  is  that 
invented  by  Prof.  Elihu  Thomson,  and  shown  in 
Thomson  Fig.  2o6.  Here  the  quantity  of  energy  passing  is 
meter.  determined  by  recording  the  number  of  revolutions 
of  a  small  electric  motor.  This  record  is  eflfected 
by  means  of  a  mechanism  similar  to  that  employed 
on  gas  meters,  and,  therefore,  readily  understood 
by  the  consumer.  The  field-magnet  coils  C,  C,  of 
this  motor  are  connected  in  series  with  the  main 
supply  conductors,  so  that  the  entire  current  passes 
through  them.  The  armature  coils,  consisting  of 
many  turns  of  fine  wire,  and,  therefore,  of  high 
resistance,  are  placed  in  a  circuit  across  the  mains. 
The  number  of  revolutions  of  the  armature,  or  its 
speed,  depends  on  the  quantity  of  energy  passing. 
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CHAPTER  XXV 

THE     NERNST     LAMP 

"On  the  other  hand,  an  arc  between  tiny  pencils  of  the  ma- 
terial used  for  Nemst  glowers  is  reputed  to  give,  so  far  as 
watts  per  candle-power  go,  an  efficiency  nearly  as  good  as 
can  be  claimed  for  the  fire-fly.  The  experiments  in  this  case 
are,  perhaps,  not  beyond  cavil." — The  Art  of  Illumination: 
Louis  Bell 

A  CURIOUS  type  of  incandescent  lamp,  which, 
in  some  of  its  earliest  forms,  required  to 
be  started  by  the  heat  of  a  match  or  the 
flame  of  a  lamp,  but  which,  when  so  started,  wasNenit 
capable  of  having  its  light  maintained  by  the  pas-i&mp. 
sage  of  electric  current  through  it,  is  the  Nemst 
lamp,  named  after  its  inventor,  Prof.  Nemst,  of 
Gottingen. 

Unlike  the  carbon  incandescing  lamp,  the  Nernst 
lamp  is  not  injured  when  burned  in  air.  G>nse- 
quently,  it  does  not  require  to  be  placed  in  a  vacuum. 
Indeed,  the  presence  of  air  appears  to  be  necessary 
to  its  proper  operation.  It  is,  however,  surrounded 
by  a  lamp  globe,  both  for  the  purpose  of  protecting 
it  from  draughts,  and  preventing  too  rapid  a  loss 
of  heat  of  the  glowing  part  of  the  lamp  and  a  con-  m  NSnit 
sequent  decrease  of  its  light-giving  power.  In  the**"**' 
Nernst  lamp,  the  carbon  filament  of  the  ordinary 
incandescing  lamp  is  replaced  by  "a  short  strip  of 
a  material  which  is  an  insulator  at  ordinary  tem- 
peratures, but  which  becomes  a  good  conductor  and 
illuminant  at  higher  temperatures."  This  part  of 
the  lamp  is  called  the  glower. 
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The  glower  is  made  of  a  mixture  of  several  sub- 
stances, but  consists  principally  either  of  magnesia 
or  mixtures  of  refractory  oxides,  such  as  those  of 
magnesium,  yttrium,  zirconium,  thorium,  and  ceri- 
um. It  is  characteristic  of  these  oxides  that  they 
possess  a  high  point  of  fusion,  and  can  be  exposed, 
while  in  a  highly  heated  state,  to  air  without  any 
marked  deterioration.  The  glower  is  rendered  in- 
candescent by  the  passage  of  an  electric  current 
through  it,  Init  since  these  substances  are  non-con- 
ductors at  ordinary  temperatures,  it  is  necessary 
to  previously  raise  their  temperature  before  the 
autooMtic  electric  current  can  pass.  This  is  done,  in  the  non- 
lampf  automatic  lamp,  by  the  heat  of  a  match,  or  an  al- 
cohol or  gas  flame.  The  glower  is  about  1-32  of 
an  inch  in  diameter  and  about  i  inch  in  length. 

In  the  automatic  Nemst  lamp,  the  preparatory 
heating  of  the  filaments  is  done  by  means  of  an  elec- 
tric current  that  passes  through  coils  of  wire  called 
of^m^mit!  the  heater  coils,  composed  of  two  or  more  small, 
laiSpT"*  white,  porcelain  tubes,  of  abgut  the  thickness  of  an 
ordinary  lead  pencil,  and  having  platinum  wire 
wound  around  the  outside  of  the  tubes.  This  wire 
is  covered  with  an  insulating  refractory  paste,  which 
protects  the  heater  coils  against  the  high  tempera- 
ture of  the  glower.  These  heater  coils  are  sup- 
ported or  mounted  oa  a  block  of  porcelain,  called 
the  heater  porcelain.  The  glower,  heater  coils  and 
tube,  and  the  heater  porcelain,  are  mounted  on  a 
support  called  the  holder.  The  heaters  and  glowers 
iftSSSoidcr  are  connected  to  the  supply  mains  in  parallel.  The 
holder  is  provided  with  contact  terminals  or  con- 
ducting prongs,  by  means  of  which  it  is  connected 
to  the  supply  mains. 

The  different  parts  of  the  holder  of  an  automatic 
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Nemst  lamp  are  shown  in  Fig.  207.     The  glower 
is  here  seen  as  placed  above  the  porcelain  heater,  SSfSf*' 
coils  and  tubes,  one  of  which  is  on  each  side  of  the  uSpSoider 
glower.     The  heater  tubes  are  supported  on  the 
heater  porcelain,  and  the  contact  prongs,  for  con- 
necting the  lamp  with  the  mains,  are  seen  in  the 
lower  part  of  the  figure.    Since,  in  the  Nemst  lamp, 
a  marked  decrease  in  the  resistance  of  the  circuit 
occurs  as  soon  as  the  temperature  of  the  glower 
is  raised,  some  plan  is  necessary  for  steadying  the 
current  by  compensating  for  this  change  in  the  re- 
sistance.    This  is  effected  by  means  of  a  device 
called  the  ballast  or  steadying  or  compensating  re-orSaJdy"* 
sistance.    It  consists  of  coils  of  iron  wire  placed  inance?/*'' 
series  with  the  glower.    Since,  like  most  metals,  theump. 
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resistance  of  iron  wire  increases  with  an  increase 
in  temperature,  as  the  resistance  of  the  circuit  is 
decreased  by  the  increase  in  temperature  of  the 
glower,  it  is  increased  by  the  increase  in  the  tem- 
perature of  the  ballast  wires. 

In  the  automatic  Nemst  lamp,  as  soon  as  the  cur- 
rent passing  through  the  heater  coils  has  raised  the^^tomatic 
temperature  of  the  glower  sufficiently  to  permit  thegJ^Uui. 
current  to  pass  through  it,  an  electro-magnet,  whose 
coils  are  placed  in  series  with  the  glower,  attracts 
its  armature,  and  removes  the  heater  coils  from  the 
circuit.    The  armature,  however,  is  so  arranged  that 
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when  the  glower  is  taking  no  current,  as  at  starting, 
the  armature  rests  in  its  position  on  the  two  contact 
points,  and  is  so  ready  for  operating  when  the  lan^ 
is  started. 


Glower, 
and  heater 
coils  con- 
nected in 
parallel. 


Nernst  lamps  are  intended  for  operati<xi  on  con- 
stant-potential mains  at  a  pressure  of  from  200  to 
240  volts.  The  circuit  arrangements  of  the  various 
parts  are  shown  in  Fig.  208.  Here,  as  will  be  seen, 
the  glower  and  heater  coils  are  connected  in  paral- 
lel with  the  constant-potential  mains.  The  ballast 
coils  of  iron  wire  are  connected  in  series  with  the 
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Fig.  208. — Circuit  arrangements  of  Nernst  Lamp. 

glower  and  the  electro-magnetic  coils,  whose  arma- 
ture operates  the  automatic  cut-out  The  armature 
of  the  electro-magnet  rests  in  place  on  two  contact 
points.  The  ballast  coils  of  iron  wire  are  placed 
below  the  holder. 


Proper 
manner  to 

frip  the 
older  in 
the  hand. 


The  Nernst  lamp  is  made  with  from  i  to  6  sepa- 
rate glowers.  A  6-glower  lamp  is  shown  in  Fig.  209 
which  is  intended  to  illustrate  the  proper  manner 
in  which  to  grip  the  holder  of  the  lamp  in  the  hand. 
In  this  lamp  the  6  slender  glowers  are  seen  placed 
near  4  heater  tubes.  The  iron  wire  ballast  is  so 
shown  in  the  part  of  the  lamp  below  the  holder. 
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A  bundle  of  Nemst  heater  tubes  and  glowers  is 
shown  in  Fig.  210.     The  heater  tubes  are  seen  at 
the  left-hand  side  of  the  figure,  and  the  glowers  at 
the  right-hand  side.     It  will  be  noticed  that  the  2^^^" 
glowers  are  of  much   smaller  diameter  than  the^"^;^^^ 
heater  tubes.     The  wires  connected  with  the  glowers  ""^' 
are  intended  for  connection  with  the  circuit  wires. 
Small  aluminium  plugs  are  provided  at  the  ends  of 


Fia  tag, — Six-glower  NctdsI  Oectric  Lamp,  showing  iiow  to  grip  holder 
wilhMit  diaturbing  the  glowerm. 

the  wires  connected  with  the  glowers,  for  attach- 
ment to  the  circuit.  The  detachable  or  removable 
part  of  the  Nemst  lamp,  as  packed  for  transporta- 
tion, is  shown  in  Fig.  211.  Here  one  of  the  covers 
is  removed,  showing  a  6-gIower  lamp.  The  ballast  bj»ii»m 
wires  are  placed  below  the  lamp  in  the  part  that  is 
still  in  the  box. 

As  to  the  amount  of  light  the  Nemst  lamp  is 
capable  of  emitting,  it  may  be  stated  that  the  lamps 
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are  designed  so  that  a  single  glower  will  produce 
an  amount  of  light  equal  to  that  of  a  standard 
i6-candle-power  incandescoit  lamp.  Each  glower 
requires  about  88  watts,  so  that  the  lamps  are  oper- 
ated at  an  economy  of  about  1.8  watts  per  candle. 
This  is  about  half  the  amount  of  energy  required 
for  the  ordinary  carbon  filament  lamp  to  produce  the 
same  quantity  of  light.  At  the  same  time,  however, 
the  life  of  the  glower  is  said  to  be  less  than  that  of 
the  ordinary  incandescent  lamp.  The  manufactur- 
Hfficienir  CTS  claim  that  recent  improvements  have  greatly  im- 
^m^    proved  the  Nemst  lamp  in  this  respect.     The  2,  3, 


Fig.  310.— Bundle  of  Healei  Tubes  and  GloweiB  ot  Nernal  Lamiia. 

6,  etc.,  glower  Nernst  lamps  require  a  number  of 
watts  which  are  practically  in  proportion  to  the  num- 
ber of  glowers,  the  2-glower  lamp  requiring  176 
watts,  the  3-glower  lamp  264  watts,  and  the  6-gIower 
lamp  528  watts. 

Nemst  lamps  operate  equally  well  on  alternating- 
current  circuits  at  the  following  voltages:  viz.,  the 
6-glower  lamp  requires  220  volts,  and  a  current  of 
2.4  amperes;  the  3-gIower  lamp  220  volts,  and  1.2 
amperes;  the  2-glower  lamp  220  volts,  and  .8  am- 
peres; and  a  i-glower  lamp,  for  out-of-door  work, 
a  pressure  of  220  volts  and  ,4  amperes,  or  a  pressure 
ol  i  10  volts  and  .8  amperes. 
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Since  the  temperature  of  the  glower  can  be  safely 
raised  higher  than  the  temperature  of  the  incandeS'^ 
cing  carbon  filament,  the  quality  of  the  light  emitted 
has  a  daylight  value  somewhat  better  than  the  ordi- 
nary incandescent  lamp.  This  feature  of  the  Nemst  ^^3  **' 
lamp  renders  it  very  favorable  for  use  in  stores  and  "****• 
other  places,  such  as  silk  and  cotton  mills,  picture 
galleries,  etc,  where  a  uniform  illumination,  ap- 
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proaching  that  of  daylight  in  its  character,  is  re- 
quired. In  order  to  diffuse  the  light  of  the  glow- 
ers, they  are  placed  inside  a  globe  of  clear  glass  or 
porcelain.  A  i -glower  lamp,  for  out-of-door  work, 
is  shown  in  Fig.  209.  A  6-glower  lamp  is  shown 
in  Fig.  212.  Here  the  globe  is  sufficiently  removed 
from  the  body  of  the  lamp  to  expose  the  glowers, 
heater  coils,  and  heater  porcelain.  As  many  as  30 
separate   elowers   have   been   employed   in   single 
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globes.  A  Nemst  lamp  of  this  general  character, 
with  the  globe  in  position  for  use,  is  shown  in 
Fig.  213.  This  forra  of  lamp  is  suitable  for  the  in- 
door lighting  of  large  halls.  Nemst  lamps  are  also 
-  employed  for  out-of-door  lighting.  In  this  case,  a 
suitable  cover  and  reflector  are  attached  to  the  lamp, 
the  former  to  protect  it  from  the  weather,  and  the 
latter  to  throw  the  light  downward,  as  shown  in  Fig. 
214. 


Fig.  ai3. — Six-glower  Out-of-door  Nemit  LampL 

Mr.  Alexander  J.  Wurtz,  who  has  done  much  in 
America  to  improve  the  construction  and  operation 
of  the  Nernst  lamp,  thus  describes,  in  detail,  the  con- 
nection and  method  of  operation  of  a  six-glower 
lamp; 

"We  will  examine,  in  detail,  the  six-glower  lamp 
as  typical  of  all  the  others.  This  lamp  is  suspended 
from  an  eye-bolt,  which,  being  removed,  allows  of 
immediate  access  -to  the  inner  parts.     On  removing 
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tiie  houdng,  we  find  that  the  ballasts  are  placed  in 
a  semicircle  around  the  cut-out,  the  arrangements  J^^ 
of  the  parts  being  such  as  to  make  all  easy  of  access.  ^,„'**' 
The  ccainections  are  made  with  small  aluminium  ^^ 
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plugs  on  the  ends  of  the  interconnecting  wires, 
which  avoid  ihe  many  familiar  inconveniences  asso- 
ciated with  set-screws.  All  the  parts  are  mounted 
on  porcelain ;  in  fact,  there  is  no  combustible  mate- 
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rial  whatever  in  the  lamp.  The  heaters  and  glowers 
are  attached  to  a  removable  piece  or  liolder,'  the 
design  being  such  that  the  .heaters,  backed  by  a 
porcelain  disk,  are  immediately  above  the  glowers, 
resulting  in  the  following  advantages:    Stagnation 
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of  heat  from  the  heater,  thereby  lighting  the  glow- 
ers in  minimum  time;  no  shadows,  nearly  all  the 
light  being  thrown  downward,  where  it  is  ordinarily 
most  desired;  stagnation  of  heat  from  the  glowers, 
whereby  the  latter  are  run  in  their  own  heat,  and, 
therefore,  at  a  higher  efficiency  than  they  would 
otherwise.     The  glowers  and  heaters  are  attached  to 
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Fia  215. — Circuit  Connections  of  Six-glower  Nemst  Lamp.  Here  the 
six  separate  glowers  are  represented  as  placed  together,  merely  for  con- 
venience. 


aiS!^um  the  binding  posts  of  the  holder  by  means  of  small 
attMhiSLit  aluminium  plugs,  so  that  the  perishable  members  are 
o  g  owers.  j^j^^yg  ^gily  and  conveniently  interchangeable.  The 

holder  is  provided  with  nine  contact  prongs,  which, 
when  the  holder  is  pushed  up  into  the  lamp,  auto- 
matically make  the  desired  connections.     These  are 
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shown  in  Fig.  7  [our  Fig.  215] ;  i  and  2  rq)resent 
the  line  terminals ;  3  the  actuating  coil ;  4  and  4  the 
double-pole  cut-out ;  5  the  heater ;  6  the  glowers ;  and 
7  the  ballasts,  there  being,  of  course,  one  ballast  for  ^St!"' 
each  glower.  A  small  glass  globe,  called  the  'heater- 
ease/  is  held  by  spring  clamps  around  the  glowers, 
the  function  of  which  is  to  retain  the  heat  and  there- 
by decrease  the  time  of  Ughting  as  well  as  increase 
the  efficiency  of  the  glowers.  In  service,  the  'heater  ^SJSin 
porcelain,'  which  is  the  porcelain  disk  immediately 
above  the  heater,  becomes  coated  with  a  thin  layer 
of  platinum  black,  unless  measures  are  taken  to 
prevent  it;  and  this  not  only  decreases  the  illumi- 
nating power  of  the  lamp,  but  if  not  removed,  will 
in  course  of  time  become  conducting  and  cause 
leakage  of  current.  No  simple  means  have  been 
discovered  for  removing  the  platinum  black  from  the 
porcelain  surface.  This  difficulty,  nevertheless,  has 
been  avoided  by  coating  the  surface  of  the  porcelain 
with  a  thin  layer  of  white  paste,  which  may  be  easily  piZdnmn 
removed  with  a  stiff  brush  or  scraper.  The  plati-beremmd 
num  black  now  deposits  on  this  coating,  both  of 
which  may  be  removed  together,  leaving  the  fresh, 
white  surface  of  the  original  porcelain  to  be  recoated 
for  further  service;  but  even  should  the  platinum 
black  be  allowed  to  accumulate,  all  danger  of  leak- 
age currents  is  avoided  by  surrounding  the  holes 
through  which  the  lead  wires  pass,  by  small,  annular 
rings  or  grooves,  it  having  been  discovered  that  the 
platinum  black  will  not  deposit  in  these  small  spaces ; 
the  continuity  of  the  platinum  black  surface  between 
the  lead  wires  is  thereby  interrupted.  For  higher 
.candle-powers,  the  six-glower  holder  is  used  as  a 
unit,  and  this  may  be  multiplied  to  any  desired 
limit. 

"The  quality  of  the  light  is  remarkable  for  its 
beauty  and  close  approximation  to  daylight.     All 
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colors  are  seen  in  their  proper  shade,  making  the 
Quality  light  especially  desirable  in  stores,  art  galleries, 
ofh^t.  drawing-rooms,  and  the  like.  The  absence  of 
shadow,  the  steadiness  of  the  light,  the  simplicity 
and  low  cost  of  maintenance,  the  high  efficiency  of 
the  lamp,  and  the  fact  that  it  is  operative  on  3,000 
alternations,  are  features  that  will  commend  them- 
selves strongly  to  the  lighting  world." 
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CHAPTER  XXVI 

THE  COOPER  HEWITT   MERCURY  VAPOR  LAMP 

"When  Dr.  Cooper  Hewitt  undertook  to  develop  a  new 
source  of  illumination,  which  should  be  at  once  easily 
capable  of  practical  application,  and  more  economical  in 
operation  than  the  methods  then  in  use,  he  selected  one  of 
the  most  difficult  of  the  prominent  physical  problems  which 
for  a  long  time  have  been  crying  for  solution." — ^Dk.  A.  P. 
WiLus  in  The  Electrical  Age,  February,  1904. 

ATTENTION  has  already  been  called  to  the 
fact  that  in  1856  an  Englishman  named  Way 
produced  a  variety  of  arc  lamp  in  which  a  hooper 
form  of  flowing  mercury  electrode  was  employed.  JJjjJYamp. 
Recently  a  variety  of  vacuum-tube  lamp  has  been 
invented  by  Peter  Cooper  Hewitt,  of  New  York 
City,  in  which  the  vacuous  space  is  filled  with  vapor 
of  mercury.  The  passage  of  an  electric  current 
through  the  enclosed  mercury  vapor  raises  it  to  in- 
candescence with  the  emission  of  a  comparatively 
intense  light. 

A  high  efficiency  is  claimed  for  the  Cooper 
Hewitt  mercury  vapor  lamp.  Like  all  other  vacuum- 
tube  lamps,  it  emits  a  light  that  is  uniformly  interesting 
diffused,  owing  to  the  extended  surface  from  which  onSSJl 
the  light  emanates.  In  experimenting  with  various 
gaseous  substances,  Hewitt  found  mercury  vapor  to 
give  out  the  greatest  amount  of  light  Unfor- 
tunately, however,  the  light  of  incandescent  mercury 
vapor  is  deficient  in  the  red  rays  of  the  spectrum, 
so  that  most  colored  objects,  viewed  by  it,  appear 
of  different  colors  than  when  illumined  by  ordi- 
nary daylight.  It  is  claimed  that  for  many  pur- 
poses this  is  not  an  unmixed  loss,  since  the  light. 


876  ELBOTBICITY  IN  MVMRT-BAY  JJFZ 


although  weak  in  the  reds,  is  strong  in  the  actinic 
rays  at  the  opposite  end  of  the  spectrum,  and  is  on 
this  account  easy  on  the  eyes. 

Figure  216  represents  the  usual  commercial  types 
of  the  Cooper  Hewitt  mercury  vapor  lamp.  The 
lamp  consists,  as  shown,  of  a  glass  tube  about  4  feet 
in  length  and  an  inch  in  diameter,  exhausted  to  a 
high  vacuum  and  hermetically  sealed.  The  two 
ends  of  the  tube  are  provided  with  bulbs^  one  of 
SJJJJP"  which,  usually  at  the  cathode  end,  is  of  consider- 
H^^  ^ble  area,  and  forms  what  is  called  the  condensing 
TaporUmp  chamber.  Platinum  leading-in  wires  are  sealed 
through  the  ends  of  the  tube.  The  anode  consists 
either  of  an  iron  grid  or  of  a  smalt  quantity  of 
mercury,  according  to  the  type  of  lamp.  The 
cathodes,  however,  are  always  formed  of  mercury. 
The  lamp  may  be  hung  in  any  position.  It  is 
operated  by  a  direct  current,  usually  of  3^4  amperes, 
with  a  pressure  for  single  lamps  of  frcwn  50  to  150 
vcrfts.  A  number  of  lamps,  however,  may  be  con- 
nected together  in  series  and  run  on  a  higher 
voltage. 

In  the  early  history  of  this  lamp,  considerable 
difficulty  was  experienced  owing  to  the  exceed- 
ingly high  resistance  offered  by  cold  mercury  vapor 
startiiHF  ^^  passage  of  the  electric  current.  This  resist- 
tiieiaaip.  auce,  howcvcT,  rapidly  decreases  as  the  mercury 
vapor  becomes  heated  by  the  passage  of  the  elec- 
tric current.  In  the  present  forms  of  lamps,  this 
difficulty  has  been  greatly  decreased  by  two  meth- 
ods for  starting  the  lamp.  These  methods  are  called 
respectively  the  qtdck  break  method  and  the  tilting 
method. 

In  the  quick  break  method,  as  represented  in  the 
upper  part  of  Fig.  217,  the  initial  high  resistance  is 
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broken  down  or  decreased  by  means  of  a  high- 
potential  discharge  from  an  inductance  coil  that  is  The  quick 
placed  in  series  with  the  lamp.    By  closing  a  quick  SJi^. 
break  switch  placed  in  the  circuit,  as  shown  in  the 
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Pig.  9s6.— Forms  of  Hewitt  Mercury  Vapor  Lamp.    The  upper  cuts  show  the 
constnictiOQ,  and  the  lower  ones  the  appearance,  of  types  of  the  lamp. 

Upper  part  of  the  figure,  the  circuit  is  completed 
through  the  inductances  and  resistances,  thus  charg- 
ing the  coil.  '  On  opening  this  circuit  the  discharge 
from  the  coil  surges  through  the  lamp,  the  current 
from  the  low  voltage  mains  following  in  its  wake. 
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A  Starting  band  of  metallic  paint  placed  around  the 
cathode  is  employed  with  this  method  and  con- 
nected with  the  anode,  and  assists  in  breaking  down 
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Pig.  3x7.— Methods  of  starting  the  lamp.     The  upper  figure  represents  dia- 
grammatically  the  high-tension  discharge  method,  while  the  lower  one  shows    . 
a  lamp  <yeratcd  by  the  tilting  method,  or  **metliod  of  contact." 

the  high  initial  resistance,  apparently  by  a  sort  of 
condenser  action. 

The  tilting  method,  or  method  of  contact,  as 
The  tilting  represoitcd  in  the  lower  part  of  Fig.  217,  consti- 
"*  tutes  the  latest  device  for  starting.    The  lamp  holder 
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is  hung  on  a  pivot  held  by  means  of  a  spring,  so 
that  one  electrode  is  higher  than  the  other.  In 
order  to  start  the  lamp,  the  higher  end  is  depressed 
by  a  chain  until  it  contains  an  excess  of  mercury. 
When  allowed  to  resume  its  former  position,  the 
mercury  flows  to  the  other  end  of  the  tube.  In 
this  manner  connection  is  made  momentarily  be- 
tween the  electrodes,  when,  the  mercury  column 
breaking  and  changing  into  spray,  the  current  jumps 
across  the  breaks  and  the  light  slowly  ascends  the 
tube. 

The  condensing  chamber,  before  referred  to, 
automatically  regulates  the  pressure  of  the  mercury  condeadat 
vapor  within  the  tube,  a  certain  pressure  having  «**^'^- 
been  found  to  give  the  most  efficient  light.  As  this 
bulb  is  of  comparatively  large  area,  the  heat  is 
more  quickly  dissipated  in  it  than  in  the  main  body 
of  the  tube.  Hence,  it  is  cooler,  and  the  vapor 
entering  it  is  condensed,  thus  decreasing  the  pres- 
sure in  the  lamp. 

The  electric  current  usually  enters  the  surface  of 
the  mercury  cathode  at  a  single  point.  When  thisp,^^^ 
current  dances  around  over  the  mercury  an  un-g^^J^^ 
steadiness  of  the  light  is  caused.  Inmost  cases, 
however,  the  leading-in  wire  is  prolonged  inside 
the  cathode  bulb  so  as  to  extend  slightly  above  the 
mercury  surface.  Under  these  circumstances,  the 
discharge  of  the  current  always  takes  place  to  the 
wire,  and  the  dancing  and  unsteadiness  disappear. 

The  Cooper  Hewitt  lamp  has  found  extended  use 
for  lighting  workshops,  draughting  rooms,  etc.,  f or  uaefaineai. 
advertising  purposes  and  lighting  showcases,  and 
especially  for  photographic  work.  In  this  latter 
direction,  both  the  diffusion  of  the  light  and  the 
large  proportion  of  chemically  active  ra)rs  render  it 
a  good  substitute  for  daylight. 
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CHAPTER    XXVII 


VACUUM-TUBE  LIGHTING 


"Ideally,  a  gaseous  radiant,  with  nearly  its  whole  luminous 
energy  concentrated  in  the  visible  ^ectrrnn,  wotrid  gire  mag- 
iiiiceat  efficiency,  but  it  by  no  mcMis  follows  that  it  nookl 
give  a  good  light/'-— TA^  Art  of  Illumination:  Louis  Bsu. 


A 


S  early  as  1709,  Ha^esbee^  to  whom  we  have 
already  referred,  produced  light  by  the  pas- 
sage of  electric  discharges  tiirotigh  glass 
vessels  containing  rarefied  air.     This  light  was  suffi- 
HawkttB.    ciently  bright  to  enable  large  print  to  be  easily  read. 
htev^um- The  subsequent  development  of  the  Gdssler  tubes 
tube  lamp.  ^^  ^  induction  ooil  made  so  great  an  improve- 
ment in  the  quantity  of  fight  emitted  by  vacuum 
tubes,  that  a  number  of  inventors,  since  the  time  of 
Hawkesbee,   endeavored  to  en^loy  such  vacuum 
tubes  as  sources  of  artificial  illumination.     We  have 
already  referred,  in  one  of  the  preceding  chapters, 
to  the  attempts  of  Greener  and  Staite  iii  this  direc- 
tion. 

The  advantages  possessed  by  a  vacuum-tube  lamp 
consist  in  the  great  length  that  can  be  readily  given 
to  the  luminous  tubes,  and,  consequently,  the  ex- 
tended surfaces  from  which  the  light  is  emitted, 
v^tmles'  This  increase  in  the  extent  of  the  luminous  surface 
?iffg?pr  permits  of  a  uniformity  of  illumination  that  would 
otherwise  be  difficult  to  obtain.  Moreover,  with 
vacuttm-tube  lamps,  it  should  be  possible  to  ensure  a 
great  length  of  life  in  the  lamps.  It  is  claimed,  too, 
that  properly  constructed  vacuum  tubes  possess  a 
much  higher  efficiency  than  the  incandescing  lan^. 
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The  high  effidency  claimed  for  vacuum*tube 
isxnps  is  the  natural  result  that  would  follow  from 
the  fact,  as  already  pointed  out,  that,  in  sudi  lamps, 
the  energy  is  almost  entirely  converted  into  light 
energy,  practically  little  or  no  heat  energy  being 
produced.  In  other  words,  the  light  of  the  vacuum- 
tube  hmp  is  what  may  be  called  cold  light  The 
high  efikiency  of  the  conversicxi  of  electric  energy 
into  light  energy  in  the  vacuum-tube  lanq>,  arises  VMuuai. 
from  the  fact  that  the  electric  discharge  passes  S£m  com 
through  the  comparatively  small  quantity  of  air,|||SS^^ 
or  other  residual  gas  in  the  tube,  and  thus  raises 
it  to  an  exceedingly  trigh  temperature;  and  it  is  the 
very  fact  of  this  high  temperature  that  permits  the 
tube  to  possess  the  characteristic  of  emitting  cold 
light.  Let  us  see  how  we  can  explain  this  apparent 
contradiction. 

As  we  have  already  pointed  out,  as  the  mass  of  a 
carbon  filament  of  a  given  area  of  cross-section  de- 
creases, that  is,  as  its  area  of  cross-section  decreases, 
the  ten^erature  to  which  a  given  quantity  of  dec- 
tridty  is  aUe  to  raise  it,  is  increased.  Now,  in  the 
case  of  the  residual  gas  in  the  vacuum-tube^  the 
mass  or  quantity  is  exceedingly  small.  Moreover, 
the  possible  temperature  to  which  this  small  mass 
of  gas  can  be  raised  is  not  limited,  as  it  is  in 
tiie  case  of  the  filament.  Consequentiy,  a  given 
amount  of  electric  enefgy  is  capable  of  raising  the^^  ^^ 
temperature  to  a  much  higher  d^free  than  would  jjw*-*^ 
be  possible  in  the  case  of  a  solid,  with,  however,  this  ooiai^ht. 
difference,  that  by  far  the  greater  amount  of  eneigy 
would  appear  in  a  form  that  is  capable  of  affecting 
the  eye,  and  a  comparatively  small  amount  in  the 
form  generally  known  as  heat.  Consequently,  as 
the  temperature  of  the  gas  is  raised  higher  and 
higher,  die  quantity  of  light  emitted  increases,  and 
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the  quantity  of  heat  decreases,  so  that,  at  a  certain 
temperature,  the  glowing  gas  may  emit  practically 
all  light  and  no  heat 

A  practical  difficulty  that  exists  in  all  forms  of 

vacuum-tube  lighting,  appears  to  arise  from  the  fact 

to  Yacanm-  that  although  the  surfaces  from  which  the  light  is 

^-'-'-P- emitted  can  be  made  very  great,  yet  the  actual  quan- 

tity  of  light  emitted  appears,  in  most  cases,  to  be 

comparatively  small. 

In  America,  both  D.  MacFarlane  Moore  and  Ni- 
aii?Tetia.  cola  Tcsla  have,  independently  of  each  other,  been 
working  in  order  to  produce  practical  forms  of 
vacuum-tube  lamps. 

The  investigations  of  Mr.  Moore,  in  vacuum-tube 
lamps,  extend  over  seven  or  eight  years.  Mr.  Moore 
first  obtained  the  high  E.M.F.'s,  employed  in  light- 
ing his  vacuum-tubes,  from  the  extra  currents  pro- 
duced by  suddenly  breaking  the  circuit  of  dectro- 
magnetic  coils  containing  iron  cores.  This  he  did 
vaamm.  by  counccting  the  terminals  of  the  electro-magnet 
with  constant-potential  mains  of  no  volts,  and 
rapidly  breaking  the  circuit  of  such  coils  by  means 
of  an  automatic  electro-magnetic  break.  This  break 
he  called  a  vacuum  break  or  vibrator,  from  the  fact 
that  it  was  placed  inside  a  vacuous  space,  in  order 
to  ensure  a  greater  length  of  life  and  better  opera- 
tion. Moore  employed,  for  his  first  form  of  vac- 
uum-tube lamp,  an  ordinary  incandescent  lamp  bulb, 
the  arrangements  of  his  circuits  being  such  as  are 
shown  in  Fig.  218. 

In  1896,  Moore  substituted  long  glass  vacuum 
tubes  for  the  lamp  bulb.  He  used  these  in  connec- 
tion with  the  same  vacuum  break,  the  connections 
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being  as  shown  in  Fig.  219.  Vacuum-tube  lamps  of 
this  construction  were  employed  in  April,  1896,  for 
the  illumination  of  the  meeting-room  of  the  Ameri- 
can Institute  of  Electrical  Engineers,  in  New  York, 
and  also  afterward,  during  the  same  year,  for  ex- 
hibition at  the  New  York  Electrical  Exposition. 

A  difficulty,  however,  existed  with  the  use  of  the 
vacuum-tube  break,  arising  from  the  mechanical 


Fig.  218. — Moore  Vacuum-tube  Lamp,  with  vacuum  break  and  lamp  bulb. 

limitations  of  size,  together  with  the  fact  that  large 
installations  required  too  many  breaks.  Believing 
that  tiie  peculiar  advantages  of  this  form  of  break 
were  to  be  found  in  the  particular  character  of  the 
wave  it  produced,  Moore  afterward  designed  a  form 
of  dynamo  capable  of  producing  high  E.M.F/s,  pro- 
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Fig.  3x9.— Moore  Vacuum-tube  Lamp.    Vacuum  break  with  long  yacuum 

tube. 

ducing  waves  having  an  especial  characteristic,  and 
took  out  a  patent  for  such  generator  in  1900.  This 
form  of  Moore  generator,  which  he  called  his  vacuum 
rotator,  is  shown  in  Fig.  220,  where  it  is  seen  as 
connected  across  constant-potential  mains  of  no 
voUs. 


At  a  still  later  date,  Mr.  Moore  invented  means 
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whereby  the  vacuum  rotator  could  be  dispensed  with, 
Moore's  ^^^  ^^  tubes  rendered  luminous  from  electric  cur- 
Jl'SfeSi-  rents  taken  directly  from  the  alternating-current 
mgjc^rrent  gtrcct  circuits.     This  arrangement  is  shown  in  Fig. 

221. 

In  describing  the  Moore  vacuum-tube  system,  the 
"Electrical  World,"  from  which  these  pictures  were 
taken,  thus  speaks  of  Mr.  Moore's  invention : 

'Briefly  stated,  the  invention  claimed  by  Mr. 
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Fko.  220* — Moore's  Vacuum-tube  Lamp^  with  vacuum  rotrtor. 

^^       Moore  consists  of  distributing  or  rimning  a  translu- 

tiS^'tiie  cent  tube  or  receptacle  over  areas,  spaces  or  rooms 

ttum-tube    to  be  lighted,  the  terminals  of  the  tube  being  brought 

elec^     to  a  source  of  energy  outside  of  the  areas  or  spaces, 

*     or  in  a  location  where  the  terminals  may  be  suitably 

protected  against  danger  of  contact  or  accidental 

interference;  the  tube  containing  a  gas  which  is  of 


Fxa  22U — Moore  Vacuum-tube  Lamp,  operated  directly  from  alteniatiiig- 

current  mains. 

such  character  or  degree  of  rarefaction,  that,  by  the 
application  of  electrical  energy  or  current  to  the 
terminals  of  the  tube,  it  will  be  rendered  luminous 
by  the  transfer  of  the  energy  from  one  terminal 
or  electrode  to  the  other.  In  the  practical  installa- 
tion of  the  system,  the  translucent  tube  of  glass  may 
be  built  up  in  the  position^  it  is  to  occupy  while  in 
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use,  or  otherwise  distributed  as  a  tube  of  glass  over 
the  spaces  to  be  illuminated.  Its  terminals,  which 
are  provided  with  suitable  energy  transferring  elec- 
trodes or  caps,  are  brought  to  a  protectii^  cabinet  or 
wall  podcet,  in  whidi  they  may  be  connected  to  the 
two  poles  of  the  energy  su{q[rfying  devices^  the  latter 
being  mains  or  wires  leading  direct  from  the  {Himary 
generator  of  E.M.F.  These  might  be  the  terminals 
of  suitable  transformers  adapted  to  give  the  re- 
quired secondary  voltage.  In  practice,  alternating 
currents  of  greater  or  less  voltage,  as  might  be  found 
desirable,  would  be  used. 

"For  illuminating  the  interior  of  a  dwelling  or 
structure,  the  portions  of  the  glass  tubing,  which 
contain  the  luminous  column  from  which  the  effec- 
tive illumination  is  obtained,  would  be  distributed 
in  any  desired  way  throughout  the  whole  interior 
of  the  dwelling  or  structure  as  one  or  more  tubes, 
with  the  conducting  caps  or  terminals  thereof 
brought  from  within  the  illuminated  spaces  or  areas 
to  an  exterior  cabinet  or  receptacle  where  its  con- 
ducting caps  would  be  located  out  of  harm^s  way,uieStoi« 
and  in  immediate  connection  with  the  source  of  en-uSamSuu^ 
ergy.  Or  if  desired,  the  energy  might  be  carried  " 
into  a  building,  and  suitable  transforming  devices 
located  in  sealed  wall  pockets  within  the  same,  the 
terminals  of  the  tube  being  located  in  the  same  man- 
ner in  the  pockets,  while  the  luminous  portion  of  the 
tube  would  extend  over  or  through  the  areas  to 
be  lighted,  being  distributed  in  any  desired  form  or 
manner  therethrough." 

Nikola  Tesla  employed  high-frequency  discharges, 
obtained  in  various  ways,   either   from  direct  or 
alternating  currents,  by  charging  and  discharging  ?J^^^^ 
condensers,  and  passing  these  discharges  through  SKiS&^geL 
the  primary  of  an  induction  coil.     High-frequency 
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discharges  so  obtained  were  caused  to  pass  through 
It  whb  vacuum  tubes  and  produce  light  in  the  same.    Tesia 
3Jj^    employed  tubes  both  with  and  without  electrodes, 
trodet.       ^g  mere  bringing  of  a  suitable  tube  in  the  pres- 
ence of  the  discharges  lighting  it  up  with  the  char- 
acteristic vacuum-glow  discharge.     No  actual  instal- 
lation of  such  lamps  has  ever  been  made  on  a  large 
scale. 
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ELECTRIC      POWER 


CHAPTER    XXVIII 

EARLY  HISTORY  OF  THE  ELECTRIC  MOTOR 

''The  first  attenq>ts  to  obtain  motive  power  from  electricity 
were  not  successful.  Many  inventors  spent  large  sums  of 
money  only  to  obtain  insignificant  results;  and  it  was  only 
when  the  reversibility  of  continuous  current  induction  ma- 
chines was  tried  that  an  advantageous  solution  of  the  problem 
could  be  looked  for.  Till  then  we  had  no  electric  currents 
sufficiently  powerful  to  obtain  any  appreciable  work.'' — Elec* 
tricity  as  a  Motive  Power:    Du  Moncel 

THE  energy  required  for  driving  the  machinery 
of  the  manufacturing  plants  that  are  em- 
ployed in  converting  raw  material  into  the 
varied  finished  products  of  commerce,  was  originally 
obtained  from  animal  power;  then  wind  and  water 
power  were  added ;  and,  afterward,  the  great  inven- 
tion of  the  steam  engine  gave  a  wonderful  impetus 
to  the  manufacturing  interests  of  the  world.  Where, 
however,  mechanical  power  was  taken  either  from  mSS  for 
a  water  wheel  or  a  steam  engine,  the  distances  tomted^f 
which  energy  could  be  transmitted  were  limited.  eL^S^. 
^t  the  outset,  where  the  transmission  was  limited 
to  ropes  and  belts,  the  maximum  distances  were 
exceedingly  small.  Although  afterward,  when  meth- 
ods of  pneumatic  and  hydraulic  transmission  were 
employed,  such  distances  were  considerably  in- 
creased, yet  it  was  not  until  the  system  of  electric 
transmission  was  so  perfected  as  to  be  properly  re- 
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garded  as  an  art,  that  the  transmission  of  energy, 
over  distances  amounting  to  several  hundred  miles, 
became  commercially  possible. 

Where  a  waterfall  is  employed  as  a  source  of  en- 
ergy, the  ncmiifacturing  plant  is  practicaUy  located 
at  the  waterfall.     With  electric  transmission,  how- 
ever, the  water  power  or  steam  engine  can  be  lo- 
cated practically  anywhere  within  reasonable  limits, 
since,  by  converting  the  mechanical  energy  into  elec- 
tric energy  by  dynamos  or  generators,  it  can  be 
transmitted  through  line  wires  or  conductors  to  any 
^emoi    point  where  it  may  be  most  conyeiitent  to  ntflize  it. 
tnaimii-    It  IS  Only  necessary,  at  tiiis  distant  point,  to  locate 
£!^cao  certain  electric  appliances  in  the  st^pe  of  motors, 
^S^m.  etc^  and  to  convert  the  electric  into  mechanieal  en- 
u^Mte    ergy.     The  remarkably  h^h  efficiency  and  low  cost 
syitcm.      ^£  ^jj^  electric  motor,  the  readiness  with  which  it  caa 
be  controlled  both  as  regards  speed  and  power,  the 
fact  diAt  it  can  be  automztkaAly  made  ta  take  from 
the  line  wires  or  conductors  ooly  the  asnotBit  of  cur- 
ceat  required  for  its  wc^k,  together  with  the  numer- 
ous mechanical  advantages  it  possesses,  have  enabled 
electric  transmission  successfully  to  compete  with 
other  methods  of  tran^nission,  not  only  at  kmg  did- 
tances,  but  have  even  enabled  it  to  successfully  com- 
pete with  transmission  by  belt  shafting  and  puUeys 
in  manufactories  where  the  dectric  generator  is  situ- 
ated in  the  same  buildingwith  the  driving  machinery. 

The  electric  transmissk)n  of  energy  is  based  on 
the  fact  that  when  an  electric  current,  generated 
by  an  ordinary  dynamoelectric  machine,  is  passed 
through  the  circuit  of  a  similar  dyn^miy,  this  dynamo 
is  caused  to  rotate,  becoming  an  electric  motor.  In 
other  words^  the  electric  energy  of  the  first  dynamo 
is  converted  into  mechanical  energy  by  the  seecHMl^ 
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SO  that  the  second  dynamo  can  be  employed  to  drive 
the  machinery,  just  as  could  a  steam  engine,  water  §^eiid^ 
wheel,  or  any  other  prime  mover.     In  the  case  of  the  iSSS*5*^ 
electric  transmission  of  energy,  the  distance  between  ««*''^- 
the  generator  and  the  motor  may  vary  frcMn  com- 
paratively short  distances  to  several  hundred  miles. 
Since  the  electric  transmission  of  power  is  only  ren- 
dered possible  by  the  existence  of  the  electric -motor, 
it  will  be  necessary  to  study  in  detail  this  important 
piece  of  electric  apparatus. 

The  electric  motor  was  rendered  possible  by  the 
great  discovery  of  Oersted,  in  1820,  of  the  connec- 
tion between  electricity  and  magnetism.    Long  be- 
fore this  time  various  attempts  were  made  to  obtain 
continuous  motion  from  the  attraction  and  repul- 
sion of  permanent  magnets  for  each  other,  or  for 
masses  of  iron.    But  all  these  attempts  failed  be- 
cause no  means  were  then  known  of  readily  revers-  Bieeuic 
ing,  or  changing,  the  polarity  of  magnetism.     Con-  ^SSSatd 
sequently,  as  soon  as  a  mass  of  iron,  or  other  mag-  ^^'t^ 
net,  came  in  contact  with  the  attracting  magnetic  Smy.'*' 
pole,  it  remained  there.     Oersted,  by  showing  how 
magnetic  polarity  could  readily  be  changed  or  re- 
versed, rendered  it  possible  to  cause  such  attractions    * 
or  repulsions  to  produce  continuous  motion,  and  in- 
ventors were  not  slow  in  availing  themselves  6f  this 
discovery. 

The  first  electric  motor  was  invented  by  Faraday, 
in  1 82 1,  shortly  after  the  announcement  of  Oersted's  p,^,^.-,, 
discovery.  Faraday's  early  form  of  electric  niotor^jgjc 
is  shown  in  Fig.  222.  It  consisted,  essentially,  of 
an  electric  conductor  so  suspended  as  to  be  movable 
around  the  pole  of  a  magnet.  The  magnet,  in  this 
case  a  permanent  steel  magnet,  NS,  was  inserted, 
as  shown,  in  a  coiic,  which  closed  the  bottom  of  a 
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gbss  tube.  A  mass  of  mercury,  or  qutdcsilver,  Q, 
was  poured  into  this  tube,  so  as  to  leave  the  magnet 
pole  N  projecting  above  its  upper  surface.  A  small 
ctmducting  wire  ab  was  so  suspended  at  a  as  to 
iie  aUe  to  freely  revolve  around  tiie  pole  N,  with 
one  of  its  ends  dipping  in  tiie  quidtsihrer.  When  an 
electric  current  was  caused  to  flow  thnmgh  the  wire 
ab,  the  wire  revolved  around  tiie  magnet  pole  N,  this 
motion  being  caused  by  the  interaction  of  the  mag- 
netic flux  produced  by  die  magnet  and  that  pro- 


ne. MJ^-Twadajr^  Eu-Iy  Eleclrie  Motor,  tim  lamnaatt  at  «M 
of  the  moct  impartint  of  camaurcial  dectro  receptl«e  dcvioo.  Tbouak 
ezccedingi;  rimple  in  its  conitnictiDn,  ]ret  thi>  esri;  motor  contained 
Oc  fnadmeBtal  principle*  of  the  ireat  electric  motoi*  of  to-da;. 

duced  by  the  electric  current  flowing  through  the 
cwiductor  ab.  The  direction  of  this  motion  is  de- 
pendent on  the  polarity  of  the  magnet  NS,  as  wdl 
as  oa  the  direction  in  which  the  current  is  flowing 
^  through  ab.  A  diange,  either  in  the  polarity  of  the 
<  magnet,  or  in  the  direction  in  idiidi  the  current 
flows  through  the  movable  conductor,  will  cause  a 
diange  in  the  direction  of  rotaticm  of  the  conductor. 
If,  for  example,  the  conductor  revolves  around  tihe 
magnet  pole  in  the  same  direction  as  die  hands  of 
a  dock,  it  vnll  revolve  in  the  c^posite  directicm 
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when  either  the  magnet  pole  or  the  direction  of  cur- 
rent through  the  movable  conductor  is  changed. 
If  the  conducting  wire  is  fixed  and  the  magnet  is 
movable,  the  interaction  of  the  magnetic  flux  will 
cause  the  magnet  to  revolve  This  was  actually 
done  by  Faraday  in  some  of  his  early  experiments. 

Puny  and  insignificant  as  was  this  early  form  of 
electric  motor,  yet  it  contained  the  germs  of  a  great 
discovery,  embodying,  as  it  did,  practically  the  fun- 
damental principles  of  the  electric  motor  of  to-day. 
Like  the  growth  of  other  great  discoveries,  the  first 
conception  of  the  electric  motor  was  claimed  for 
others.  Indeed,  it  appears  that  the  first  to  conceive 
the  general  idea  that  the  principles  of  electro-mag- 
netism, discovered  by  Oersted,  could  be  employed  «jg«  ©J 
for  the  production  of  electro-magnetic  rotation,  wasm^**  > 
WoUaston.  Davy  also  appears  to  have  made  some  woUMtoo. 
experiments  in  this  direction.  Faraday  acknowl- 
edges WoUaston's  prior  claim  to  the  general  idea,  as 
will  be  shown  from  the  following  quotation  from 
volume  2,  page  159,  of  "Faraday's  Experimental 
Researches  in  Electricity*' : 

"Dr.  WoUaston  was,  I  believe,  the  person  who 
first  entertained  the  possibility  of  electro-magnetic 
rotation;   and   if   I   now   understand   aright,   had 
that  opinion  very  early  after  repeating  Professor  ^^^^^  ^ 
Oersted's  experiments.     It  may  have  been  about  ^jjj^« 
August,  1820,  that  Dr.  WoUaston  first  conceived  c^^^^^ 
the  possibility  of  making  a  wire  in  the  voltaic  circuit  JJ^^Jg* 
revolve  on  its  own  axis.     There  are  circumstances  »otor. 
which  lead  me  to  believe  that  I  did  not  hear  of  this 
idea  till  November  following;  and  it  was  at  the 
beginning  of  the  following  year  that  Dr.  WoUas- 
ton, provided  with  an  apparatus  he  had  made  for 
the  purpose,  came  to  the  Institution  with  Sir  Hum- 
phry Davy  to  make  an  experiment  of  this  kind.     I 
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was  not  present  at  the  expmment,  nor  did  I  see 
llie  apparatus,  but  I  eame  in  afterward,  and  assisted 
in  making  some  further  experiments  on  the  rc^ng 
SSg^    of  wires  on  edges.    I  heard  Dr.  WoUastcm's  oonver- 
^^g^  saticm  at  the  time,  and  his  expectation  of  making  a 
^Si^Sr  ^^^  revolve  on  its  own  axis;  and  I  suggested  (has- 
"'****°^     tily  and  uselessly),  as  a  delicate  method  of  suspen- 
sion, the  hanging  the  needle  from  a  magnet     I  am 
not  able  to  recollect,  nor  can  I  excite  the  memory  of 
others  to  the  recollection  of  the  time  when  this  took 
place.    I  believe  it  was  in  the  b^inning  of  1821/' 

In  the  case  of  the  electric  motor,  as  in  tfiat  of  the 
dynamo,  there  are  always  two  distinct  parts  to  the 
2J^2  machine;  viz.,  the  armature  and  the  field  magnets. 
p«y<g  As  a  rule,  it  is  the  armature  that  revolves  and  the 
tricMMr.  field  magnets  that  remain  stationary.  Sometimes, 
however,  as  in  the  case  of  d3mamos,  the  field  mag- 
nets revolve  and  the  armature  is  stationary.  In 
some  motors,  especially  in  those  of  the  alternating- 
current  type,  it  often  becomes  a  difficult  matter  to 
distinguish  which  parts  should  receive  the  name  of 
the  armature  and  which  that  of  the  field  magnets. 
In  order  to  avoid  this  difficulty,  the  word  stator  is 
sometimes  given  to  the  part  that  remains  mechan- 
ically fixed,  and  the  word  rotor  to  the  part  that 
is  mechanically  rotated,  no  matter  what  the  magnetic 
relations  of  these  parts  may  be. 

Applying  these  principles  to  the  preceding  case, 
we  find  that,  in  Fig.  222,  the  conducting  wire  db  is 
the  armature,  and  tfie  permanent  magnet  NS  is  the 
field  magnet. 

The  possibility  o£  obtaining  continuous  motion  by 
the  mutual  interaction  of  two  sq)arate  magnetic 
fluxes  having  been  thus  demonstrated,  many  forms 
of  electro-magnetic  motors  were  produced,  in  which 
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both  pennanent  and  electro-ma^ets  were  employed. 
Faraday  bhnself  made  a  variety  of  electric  motors, 
one  of  which,  a  modificaticm  of  his  first  apparatus, 
is  shown  in  Fig.  223.  Here,  instead  of  having  a 
single  rotating  wire  or  conductor,  two  such  coi-J^"^^ 
ductors  were  employed.  A  bar  magnet  AB,  con-JjK'^ 
sisting  of  a  bundle  of  separately  magnetized  bars,  "*°  ■»"'■ 


Phi.  i>3.— Another  Porn  of  Fumdiy'*  Euljr  Eledrle  Motor.    Note 

the  arruiEcnient  of  the  rerolring  atmatare,  Ilw  redanfulu  drcuit  EP, 
*nd  the  fieM  B)«iict  AB.     Note  eJm  the  vnnfemeBt  of  the  movaMe 


is  placed  in  the  vertical  position  shown,  and  has  a 
rectangular  conductor  EF,  rotatable  about  a  me- 
tallic support  D,  resting  on  the  magnet  pole  A.  The 
rectangular  circuit  makes  a  continuous  connection 
with  the  electric  source,  despite  its  rotation,  by  hav- 
ing its  ends  dipped  below  the  surface  of  mercury  in 
a  circular  vessel  supported  on  a  table  M,  as  shown. 
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When  an  electric  source,  in  this  case  a  series-con- 
nected battery  of  four  or  five  Bunsen  cells,  is  con- 
nected with  the  binding  post  shown  at  the  bottom  of 
the  figure,  the  current  passing  in  the  direction  indi- 
cated by  the  arrows,  flows  through  the. magnet  BA, 
through  the  metallic  support  D,  where  it  divides 
through  the  branches  F  and  E,  of  the  movable  rec- 
tangular circuit,  which  is  then  continuously  rotated. 

The  next  early  electric  motor  of  importance  was 
that  invented  by  Barlow,  in  183 1.      Here  a  star- 


Fic  »»«.— Barlow's  Star-wh«l  Motor,  Note  the  manner  in  which 
the  current  trom  a  voltaic  battery  paiua  from  the  centre  of  the  atar- 
whed  through  the  radial  arms  by  means  of  their  contact  with  the  iner- 

shaped  wheel,  which  took  the  place  of  the  movable 
conductors  of  the  previous  motors,  was  arranged  so 
that  the  current  from  an  electric  source  was  con- 
ducted to  the  axis  of  the  wheel,  and  passed  out  of 
the  wheel  where  its  points  dipped  below  a  mercury 
surface,  as  shown  in  Fig.  224.  The  trough  con- 
tainii^  this  mercury  is  placed  between  the  poles  of 
a  permanent  magnet  NS.  As  will  be  seen,  this  ar- 
rangement is  not  unlike  those  shown  in  the  preced- 
ing figures,  the  movable  conductor  being  here  re- 
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placed  by  portions  of  the  wheel  lying  between  its 
axis  and  the  point  which  dips  into  the  mercury  sur- 
face. As  one  point  is  thrown  out  of  the  mercury  by 
the  action  of  the  electric  motor,  the  momentum  of 
the  disk  brings  the  next  point  into  contact  with  the 
mercury  surface,  and  so  a  continuous  rotation  is 
obtained. 

It  will  be  evident  that  if,  in  place  of  passing  the 
electric  current  through  a  star-shaped  wheels  it  be^SS^*^ 
Sent  through  a  continuous  metallic  disk  frcum  tbe^j^^ 
axis  to  the  circumference,  the  circumference  of  which  "'**®'' 
dips  into  the  mercury  surface,  a  continuous  rotation 


Fio.  zzy — Sturgeon's  Wheel,  tn  early  fonn  of  electric  motor.  Not* 
tlie  reaemMancei  between  tliis  motor  and  that  shown  in  the  preceding 
figures.  Much  trouble  was  caused  by  the  uncertain  contact  of  the  wire 
with  the  edge  of  the  disk. 

will  be  produced.     This  was  practically  done  by 
Sturgeon,  who  modified  Barlow's  apparatus  in  the 
manner  shown  in  Fig.  225,  where  a  disk  placed 
between  the  poles  N  and  S  of  a  permanent  magnet 
was  caused  to  rotate  by  the  passage  of  a  current 
through  it,  by  means  of  conducting  wires  +  and  — , 
brought  into  frictional  contact  with  the  axis  and 
circumference  respectively.     Sturgeon's  wheel  was  sturgeon's 
produced  in  1823.     It  is  practically  the  same  asparadly^s 
Faraday's  early  form  of  dynamo,  and  would  havcnamo.^* 
generated  differences  of  potential,  like  an  ordinary 
dynamo,  had  it  been  rotated  on  its  axis  by  mechan- 
ical force.    Had  a  current  of  electricity  been  sent 
through  Faraday's  disk  dynamo,  it  would,  like  any 


896  ELECTRICITY   IN   EVERYDAY  LIFE 

Other  dynamo-electric  machine,  have  been  caused 
to  rotate  by  the  current,  or  would  have  produced 
an  electric  motor. 

In  1832,  Salvator  dal  Negro,  Professor  of  Nat- 
ural Philosojrfiy  in  the  University  of  Padua,  pub- 
lished an  account  of  means  employed  by  him  to 
produce  continuous  motion  by  electro-magnetism. 
DuNcsra^  In  Dal  N^;ro's  motor,  a  permanent  magnet  took 
^SJJ^  the  place  of  the  armature,  being  made  to  oscillate 
between  the  poles  of  electro-magnets  employed  as 


FtA  aa&^acobi'a  Electric  Motor.     Note  tlut  here  electro-nucneu  are 
employed  in  both  Armature  and  field. 

the  field  magnets.  The  poles  of  these  electro-mag- 
nets were  automatically  dianged  at  each  movement, 
by  the  operation  of  a  suitable  commufator.  By 
means  of  gearing  and  a  crank  these  oscillatory  mo- 
tions were  changed  into  a  continuous  motion. 

In  1834,  Jacobi  invented  the  electric  motor  shown 
in  Fig.  226.  Here  the  field  magnets  consisted  of 
two  circular  rows,  containing  12  separate  horseshoe 
magnets,  suitably  supported,  so  as  to  face  one  an- 
other, and  the  current  of  an  electric  source  was  made 
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to  constantly  pass  through  them,  thus  rendering 
them  powerfully  magnetic  Between  these  fixed 
magnets  were  supported  a  series  of  straight  horse- 
shoe magnets,  attached  to  a  star-shaped  form  of 
wheel,  mounted  on  an  axis,  and  capable  of  rapid  ro- 
tation. These  latter  magnets  constituted  the  arma- 
ture. The  circuit  connections  were  such  that  metallic 
brushes,  resting  on  the  four  ccnnmutator  wheels^ 
shown  at  the  left-hand  side  of  the  figure,  sent  the 
electric  current  through  the  magnets  of  the  armature,  $jS^ 
so  as  to  cause  them  to  be  attracted  by  the  fixed  mag-  ^St 
nets,  thus  giving  motion  to  the  star-shaped  support 
When,  however,  the  armature  magnets  came  oppo- 
site the  field  magnets,  the  commutator  changed  the 
direction  of  the  current  in  the  armature  magnets, 
thus  permitting  the  stationary  magnets  to  repel  them. 
In  this  way  a  continuous  rotation  of  the  wheel  was 
produced. 

Jacobi's  electric  motor  produced  considerable  ex- 
citement in  Russia  at  the  time  it  was  first  publicly 
tried.      In  1834,  the  Emperor  of  Russia  provided 
Jacobi  with  funds  for  the  construction  of  a  larger  .^^^j^ 
machine.  It  was  with  this  latter  machine  that  Jacobi  ^^^^^ 
succeeded  in  driving  a  large  rowing-boat,  by  means  <^  ^"^ 
of  paddle-wheels,  rotated  by  his  motor.    The  fol- 
lowing description  of  this  motor  is  given  by  Du 
Moncel,  in  his  "Electricity  as  a  Motive  Power" : 

"The  boat  employed  by  him  was  a  ten^ared  row- 
ing-boat, fitted  with  paddle-wheels  rotated  by  his 
electro-magnetic  machine.  The  boat  carried  ten  or 
twelve  people,  and  the  runs  sometimes  lasted  the 
whole  day.  .  .  The  difiiculties  that  he  met  with  in 
the  electric  generator,  and  the  imperfections  in  the 
construction  of  the  motor,  often  caused  breakdowns 
which  it  was  difficult  to  remedy  on  the  spot.  How- 
ever, when  they  were  overcome,  Jacobi  was  able  to 


898  BLBCTBICITT   /»   MVSBT-DA7   LIFE 

estimate  the  work  produced,  and  he  showed  that  a 
jt^w     battety  of  platinum  plates  of  20  square  feet  surface 
Sj^toJ'"  could,  by  this  means,  be  made  to  develop  one  horse- 
"*■         power ;  but  he  always  hoped  to  obtain  the  same  result 
with  half  this  battery  surface.     The  boat,  according 
to  report,  went  about  four  miles  an  hour,  being  a  bet- 
ter result  than  that  obtained  at  the  first  trials  of  small 
Steamboats.     According  to  Jacobi,  the  boat  was  28 
feet  in  length,  7  feet  6  inches  in  beam,  with  a  draught 
of  water  of  2  feet  9  inches.     At  the  experiments  in 


1859,  the  machine,  which  occupied  a  small  space, 
was  worked  by  a  battery  of  64  platinum  cells,  each 
having  36  square  inches  of  surface,  and  charged,  on 
the  Grove  system,  with  nitric  acid  and  acidulated 
water.  When  the  boat,  with  twelve  or  fourteen 
people  00  board,  went  against  stream,  she  could 
make  three  miles  an  hour." 

In  1834,  Ritchie,  in  America,  invented_the  form 
of  electro-magnetic  motor  shown  in  Fig.  227.  Here 
the  field  magnet  consists  of  a  permanent  magnet 
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NS,  in  the  shape  of  a  horseshoe.  The  armature  is 
formed  by  an  electro-magnet,  AB,  wrapped  with^jlS^.*" 
coils  of  insulated  wire,  and  so  mounted  as  to  be^SS-!*^^ 
capable  of  rotation  on  a  vertical  axis  above  the  poles 
N  and  S  of  the  field  magnet.  A  commutator  at  C 
changes  the  direction  of  the  current  twice  during 
each  complete  rotation.  If  the  circuit  connections 
are  such  that,  in  the  position  shown  in  the  figure, 
the  pole  A  of  the  armature  is  made  to  acquire 
south  magnetic  polarity,  and  B  north  magnetic 
polarity,  then  the  mutual  attraction  between  the 
poles  of  the  armature  and  the  field  will  cause  the 
armature  to  move  in  the  direction  indicated  by  the 
arrow.  But  at  this  moment  the  direction  of  the 
current  through  the  coils  on  the  armature  is  re- 
versed, so  that  the  poles  of  the  armature  now  be-wwcS^he 
come  of  the  same  polarity.  Since  the  momentum,  ^^ 
or  tendency  of  the  armature  to  keep  on  moving,  ^^'^^^^ 
carries  it  a  short  distance  past  the  poles  of  the  field 
magnet,  the  motion  is  continued  by  the  repulsion 
between  these  poles,  which  causes  it  to  rotate  until 
the  pole  A  is  brought  within  the  attractive  influ- 
ence of  S,  and  B  within  the  influence  of  N.  In  this 
manner  a  continuous  rotation  is  eflFected.  The  com- 
mutator C  is  employed  for  changing  the  direction 
of  the  current. 

In  1837,  Thomas  Davenport,  a  Vermont  black- 
smith, produced  an  electric  motor  which  he  success- 
fully employed  for  driving  a  printing  press,  as  well 
as  for  operating  a  circular  electric  railway  at  Spring- 
field, Mass.  Davenport  constructed  several  forms 
of  electro-magnetic  motors,  one  of  which  consisted  oaven- 
of  a  series  of  fixed  electro-magnets  for  the  field  frirmoto?." 
magnets,  and  movable  electro-magnets  for  the  arma- 
ture. This  motor,  when  running  light,  was  capable 
of  producing  600  revolutions  per  minute. 
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In  1839,  Robert  Davidson,  a  Scotchman,  oper- 
ated both  a  lathe  and  a  small  locomotive,  by  means 
of  an  electric  motor  of  his  invention.  With  this 
motor  he  was  able  to  run  a  locomotive,  carrying  two 
people,  over  a  rough  plank  road,  at  a  speed  of  four 
miles  per  hour,  when  his  motor  was  traversed  by  a 
current  from  a  battery  of  40  sqKirate  voltaic  cdls. 


In  1842,  Elias,  of  Haarlem,  invented  a  form  of 
electric  motor  which  showed  various  marked  im- 
provements over  pre-existing  forms.  The  Elias 
motor  is  shown  in  Fig,  228.  Here  the  field 
magnets  consist  of  a  circular  ring  of  soft  iron. 
This  ring  was  wrapped  with  coils  of  insulated 
wire,  so  that,  when  traversed  by  a  current,  it  pro- 
duced six  poles  of  alternately  opposite  polarity,  at 
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N,  S,  N,  S,  N,  S.  The  armature  consisted  of  a 
similar  iron  ring  wound  with  coils  of  insulated 
wire,  so  as  to  produce  six  magnet  poles  of  alter- 
nately opposite  polarity,  at  n,  s,  n,  s,  n,  s.  The  ar- 
mature was  mounted  on  a  horizontal  axis,  so  as 
to  be  capable  of  rotation  within  the  field  mag- 
nets. The  Elias  motor,  like  that  of  Jacobi,  em- 
ployed electro-magnets  both  for  the  field  and  thcSStJ?" 
armature.  It  was,  as  will  be  seen,  a  sexti-polar  SJ^t? 
machine;  that  is,  one  whose  field  magnets  consist ^^u^ 
of  six  separate  magnet  poles.  The  commutator  C 
was  employed  for  changing  the  polarity  of  the  arma- 
ture coils  at  the  proper  moment,  in  order  to  permit 
continuous  rotation.  It  differed  also  in  tiiat  it 
formed  a  motor  in  which  the  field  magnets  were 
separately  excited,  a  separate  and  distinct  battery 
being  employed  for  maintaining  the  magnetism  of 
the  field  magnet. 

In  1845,  Froment,  of  France,  constructed  the  elec- 
tric motor  shown  in  Fig.  229.  Here  the  field  mag- 
nets  consisted  of  four  electro-magnets  of  the  horse-  Fromcnt'i 

dcctric 

shoe  type,  each  electro-magnet  consisting  of  two  sep-  motors, 
arate  coils.  The  armature  consisted  of  a  wheel  of 
brass,  or  other  non-magnetic  material,  supported 
on  a  horizontal  axis,  so  as  to  be  capable  of  rotation 
before  the  poles  of  the  electro-magnets.  To  the 
circumference  of  this  non-magnetic  wheel  were  at- 
tached a  number  of  bars  of  soft  iron,  which  acted  as 
the  armatures  of  the  different  electro-magnets  as  the 
wheel  successively  passed  them  in  its  rotation.  A 
commutator  was  placed  on  the  shaft  of  the  armature, 
which  caused  them  to  acquire  and  lose  their  mag- 
netism at  the  proper  time,  and  thus  produced  con- 
tinuous rotation  of  the  armature. 

Froment  produced  several  other  forms  of  electric 
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motors,  one  of  which  is  shown  in  Fig.  23a  Here, 
in  reality,  the  motor  belongs  to  the  type  of  machine 
in  which  the  field  magnets  are  revolved  and  the 
armature  remains  stationary.  In  other  words,  the 
rotor  consists  of  ten  horseshoe  electro-magnets, 
I  moimted  on  a  horizontal  shaft,  so  as  to  rotate  read- 
ily within  a  rigid  ring  of  gun  metal,  which  bears 
on  its  inner  face  12  bars  of  soft  iron,  which  act  as 
the  armatures  of  the  rotating  electro-magnets.     It 


Fto.  lag. — One  of  Froment'*  Electric  Moton.     Note  the  o 
o[  tbe  ftmuture,  whicb  coruiita  of  bars  of  soft  iron,  rendered  nusnetic 
by  induction  fron  the  clectro-raa^etic  field  poles. 

will  be  observed  that  the  axis  of  rotation  is  not  coa- 
centric  with  the  axis  of  the  non-magnetic  ring  bear- 
ing the  soft  iron  armatures.  A  commutator  is  pro- 
vided to  introduce  or  remove  the  magnets  from  the 
circuit  at  the  proper  time,  so  that,  in  this  way,  a 
continuous  motion  is  obtained. 

In  1850,  Prof.  C.  G.  Page,  of  the  Smithsonian 
Institution,  of  Washington,  D.  C,  invented  a  form 
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of  electric  motor,  the  field  magnets  of  which  con- 
sisted of  a  pair  of'solenoidal  coils,  and  the  armature 
was  formed  by  cores  of  soft  iron  that  were  attracted 
or  drawn  into  the  solenoidal  coils  when  the  current  Stcu* 
was'  sent  through  them.  As  soon  as  the  core  passed  ""'"■ 
half-way  through  the  coil,  a  commutator  cut  it  off 
from  this  coil  and  sent  it  through  the  other  coil,  so 
that  the  other  core  was  then  drawn  into  this  coiL 
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A  form  of  Page's  electric  motor  is  shown  in  Fig. 
231,  where  A  and  B  are  the  two  solenoidal  coils, 
and  C  and  D  the  two  soft  iron  cores.  These  cores 
are  counterbalanced  on  the  end  of  a  beam  GFI,  and 
connected  with  GH,  the  connecting  rod  HK,  and 
the  crank  K,  like  the  working  beam  of  a  steam  en- 
gine. The  cut-off,  arranged  to  send  the  current  al- 
ternately through  the  different  solenoids,  is  oper- 
ated by  the  eccentric  L,  like  the  eccentric  of  a  steam 
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engine.  A  locomotive  engine  was  successfully  driven 
on  a  track  by  Page  in  185 1.  It  did  not,  however, 
prove  a  success. 

Page  constructed  a  large  motor,  which  he  em- 
ployed to  drive  a  locomotive  on  the  Baltimore  & 
Ohio  Railroad  tracks,  in  the  United  States,  on  the 
39th  of  April,  1851.  This  locomotive  made  a  trip 
between  Washington  and  Bladensburg,  a  total  dis- 
tance of  ten  miles.  Page  employed  for  the  battery, 
to  drive  this  motor,  100  cells  of  Grove's  nitric  acid 
battery.     On  this  trial  trip  a  speed  of  19  miles  an 


hour  was  maintained  for  a  distance  of  nearly  one 
mile,  on  a  part  of  the  road  that  was  fairly  level. 
Unfortunately,  on  account  of  the  jolting  of  the  car, 
f^'Bt^i  one  of  his  battery  cells  cracked,  thus  permitting  the 
locomoiive  acids  to  mingle  and  materially  lessening  the  speed. 
o'r£     Although  on  this  trip  there  were  some  seven  halts 
he^wM     made,  consuming  about  40  minutes  of  time,  yet  the 
"{S^'  ^t'''*  distance  to  and  from  Washington  and  Blad- 
eosbutj.     eisburg  was  made  in  one  minute  less  than  two  hours. 
Difficulties,  however,  arose  in  practice  from  slight 
irregularities  in  the  roadbed  producing  either  a  spill- 
ing of  the  acids  in  the  battery,  or  a  breaking  of  the 
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cells,  SO  that  Page's  effort  to  produce  practical  elec- 
tric traction  was  a  failure. 

The  lack  of  success  that  attended  Page's  effort  to 
apply  electric  motors  to  the  driving  of  surface  rail- 
road cars  does  not  seem  to  have  deterred  other  in- 
ventors horn  endeavoring  to  improve  on  pre-exist- 
ing motors,  and  nimierous  inventions  were  made  in 
this  direction  in  various  parts  of  the  world.  We 
will  describe  but  one  of  these;  viz.,  that  made  in 


1861,  by  an  Italian  named  Pacinotti.  Pacinotti's 
motor  was  a.  marked  advance  on  anything  that  pre-  d 
ceded  it.  It  is  represented  in  Fig.  232.  The  arma-  "^ 
tare  consisted  of  an  iron  ring,  furnished  with  a  num- 
ber of  equidistant  teeth,  which  had  coils  of  insulated 
wire  wound  in  the  spaces  between  contiguous  teeth. 
This  armature  was  suspended  by  four  brass  arras 
B,  B,  so  as  to  be  capable  of  rotation  between  the  pole 
pieces  A,  A,  of  two  electro-magnets  L,  L'.  The 
ends  of  the  coils  were  connected  to  a  commutator 
not  unlike  that  of  the  Gramme  dynamo  machine. 
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By  means  of  this  commutator,  a  continuous  rotation 
of  the  armature  was  obtained. 

As  was  to  be  expected,  nothing  came  from  any 
of  these  early  forms  of  electric  motors,  since  there 
was  not  yet  any  successful  method  devised,  other 
than  voltaic  batteries,  for  commercially  producing 
Reaaon  for  the  currents  required  to  drive  the  motors.  Although 
r^^r  the  dynamo^ric  machine  had  been  invented  by 
StemSon.  Faraday,  yet  it  had  not  been  sufficiently  developed 
to  enable  inventors  to  employ  it  for  a  producer  of 
current.  When,  however,  about  1871,  the  Gramme 
dynamo-electric  machine  was  commercially  intro- 
duced, and  it  began  to  be  generally  known  that  such 
a  machine,  as  indeed  any  other  dynamo,  was  capa- 
ble of  acting  as  a  motor  as  well  as  a  gaierator,  the 
advantages  of  electric  motors  began  again  to  attract 
the  attrition  of  inventors  in  different  parts  of  the 
world,  and  from  this  time  on  the  production  of  new 
and  efficient  forms  of  electric  motors  was  markedly 
increased. 

But  one  of  the  most  important  things  in  the  early 
of  wem-  history  of  the  electric  motor  was  the  discovery,  be- 
dySmo  fore  alluded  to,  that  the  same  machine  is  capable  of 
an  mo  or.  ^^^^^  either  as  a  generator  or  as  a  motor.     It  is  not 

exactly  known  to  whom  should  be  given  the  credit 
for  this  valuable  discovery.     It  was  certainly  known 
by  Lenz,  in  1838,  when  he  announced  his  law,  al- 
ready referred  to.     Jacobi  knew  it  in  1848.     Paci- 
notti  called  especial  attention  to  it  in  connection  with 
Early        the  elcctric  motor  shown  in  Fig.  232.     Siemens  ap- 
of  werd-  pears  to  have  been  acquainted  with  the  fact  in  1867, 
dynamo,     and,  bcsides  this,  various  other  writers  have  referred 
to  the  matter.     It  was  not,  however,  until  the  time 
of  the  Vienna  Universal  Exposition,  in  1873,  ^^^i^ 
this  fact  became  generally  known.     During  this  ex- 


MARLY  HIBTOBY   OF   TEE  ELECTRIC  MOTOR  407 

position  a  Gramme  dynamo-electric  machine  was 
driven  as  a  motor  by  means  of  the  current  produced  Fonuinet 
by    a    second    Gramme    dynamo-electric    machine.  JavSaon 
Fontaine,  in  a  communication  to  a  French  society,  Sak/S**" 
appears  to  claim  this  discovery  for  himself,  although,  **y"**"**- 
from  what  has  been  said  before,  it  is  clear  that  the 
fact  was  known  long  before  this  time : 

"On  the  1st  of  May,  1873 — ^that  is,  on  the  date 
fixed  four  years  previously  by  imperial  decree — ^the 
Exhibition  in  Vienna  was  formally  opened.  At  that 
time  the  machinery  hall  was  yet  incomplete,  and  re- 
mained closed  to  the  public  until  the  3d  of  June, 
when  it  was  also  thrown  open.  I  was  then  engaged 
with  the  arrangement  of  a  series  of  exhibits,  shown 
for  the  first  time  in  public,  which  were  intended  to 
work  together,  or  separately,  as  desired.  There 
was  a  dynamo  machine,  by  Gramme,  for  electro- 
plating, giving  a  current  of  400  amperes  at  25  volts, 
and  a  magneto  machine,  which  I  intended  to  work 
as  a  motor  from  a  primary  battery,  or  from  a  Plante 
accumulator,  to  demonstrate  the  reversibility  of  the 
Gramme  dynamo.  There  were  also  a  steam  engine, 
of  my  invention,  heated  by  coke,  a  domestic  motor  some 

i-1  1  ,1  .1-1  dcuils  of 

of  the  same  type  heated  by  gas,  a  centrifugal  pump  Fontaine's 
placed  on  a  large  reservoir,  and  arranged  to  feed  an 
artificial  cascade,  and  ntunerous  other  exhibits.  To 
vary  the  experiments  I  proposed  to  show,  I  had  ar- 
ranged the  pump  in  such  a  way  that  it  could  be 
worked  either  by  the  Gramme  magneto  machine  or 
by  the  steam  engines  (Fontaine). 

"On  the  1st  of  June  it  was  announced  that  the 
machinery  hall  would  be  formally  opened  by  the 
Emperor  at  10  a.m.  on  June  3d.  Nothing  was 
then  in  readiness,  but  those  who  have  been  in  similar  Exhiwupii 

'  ji        •     *°  open  m 

situations  know  how  much  can  be  got  mto  order  m4Bhourt 

^  and  very 

the  ^ace  of  forty-eight  hours  just  before  the  open-  uttie  ready. 
ing  of  a  great  exhibition.     In  every  department 
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members  of  the  staff  with  an  army  of  workmen 
under  their  orders  were  busy  clearing  away  pack- 
ing cases  and  decorating  the  spaces  allotted  to  the 
different  nations.  These  gentlemen  visited  all  the 
exhibits  in  order  to  determine  which  of  them  should 
be  selected  for  special  notice  of  the  Emperor,  so  as 
to  detain  him  as  long  as  possible  among  the  ex- 
hibitors of  their  respective  countries. 

"M.  Roullex-Duggage,  who  superintended  the 
work  in  the  French  section,  asked  me  to  set  in  mo- 
tion all  the  machinery  on  my  stand,  and  especially 
the  two  Gramme  machines.  I  set  about  at  once, 
and  on  the  2d  of  June  I  had  the  satisfaction  of  get- 
ting the  large  Gramme  dynamo,  the  two  engines 
(Fontaine),  and  the  centrifugal  pump  to  work;  but 
I  failed  to  get  the  motor  into  action  from  the  pri- 
mary or  secondary  battery.  This  was  a  great  dis- 
appointment, especially  as  it  prevented  my  show- 
ing the  reversibility  of  the  Gramme  machine.  I 
was  puzzled  the  whole  of  the  evening  and  the  whole 
of  the  night  to  find  a  means  to  accomplish  my  ob- 
ject, and  it  was  only  in  the  morning  of  the  3d  of 
June,  a  few  hours  before  the  visit  of  the  Emperor, 
that  the  idea  struck  me  to  work  the  small  machine 
tion  at^tht'  by  means  of  a  derived  circuit  from  the  large  ma- 
last  moment  ^j^ J j^^      Siucc  I  had  uo  leads  for  that  purpose,  I 

applied  to  the  representative  of  Messrs.  Manhis,  of 
Lyons,  who  was  kind  enough. to  lend  250  metres  of 
cable,  and  when  I  saw  that  the  magneto  machine 
was  not  only  set  in  motion,  but  developed  so  much 
power  as  to  throw  the  water  from  the  pump  beyond 
the  reservoir,  I  added  more  cable  until  the  flow  of 
water  became  normal.  The  total  length  of  cable  in 
circuit  was  then  over  two  kilometres.  This  great 
length  gave  me  the  idea  that  by  the  employment  of 
two  Gramme  machines  it  would  be  possible  to  trans- 
mit mechanical  energy  to  great  distances.     I  spoke 
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of  this  idea  to  various  people,  and  I  published  it  in 
the  'Revue  Industrielle'  in  1873,  ^^^  subsequently 
in  my  book  on  the  Vienna  Exhibition.  The  pub- 
licity thus  given  to  it  was  so  great  that  I  had  neither 
time  nor  desire  to  protect  my  invention  by  a  patent,  n©  patent. 
I  must  also  mention  that  M.  Gramme  has  told  me 
that  he  fiad  already  worked  one  dynamo  by  the 
other,  and  I  have  always  held  that  the  honor  of  my 
experiment  belongs  to  the  Gramme  Company." 
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CHAPTER    XXIX 

ELEMENTARY     PRINCIPLES     OF     THE     ELECTRO- 
MAGNETIC    MOTOR 

"The  'why'  is  plain  as  way  to  parish  church." 

—As  You  Like  It,  Act  II ,  Scene  VII 

THE  motions  of  electro-magnetic  motors  are 
due  to  the  operation  of  a  force  called  the 
electro-dynamic  force,  produced  by  the  in- 
teraction of  the  magnetic  flux  of  the  field  magnets 
and  the  magnetic  flux  of  the  active  wires  or  con- 
ductors on  the  armatures.  In  other  words,  the 
operation  of  such  motors  is  based  on  the  principles 
of  electro-dynamics,  investigated  by  Ampere  shortly 
after  Oersted's  announcement  of  his  discovery  of 
the  relations  between  electricity  and  magnetism. 
These  laws,  to  which  reference  has  already  been 
General  made,  may  be  briefly  stated  as  follows :  Two  neigh- 
eiectro-      borincf,    movablc   electric   conductors    attract   each 

dynamics.  <  i  i  t  •  •  t  « 

other  when  the  electnc  currents  passmg  through 
them  flow  in  the  same  direction,  and  repel  each  other 
when  such  currents  flow  in  opposite  directions. 
These  directions  of  attraction  and  repulsion  are  due 
to  the  attraction  and  repulsion  of  their  magnetic 
fluxes,  which  will  be  oppositely  directed  between 
neighboring  conductors  through  which  currents  are 
flowing  in  the  same  direction,  and  similarly  directed 
between  such  conductors  when  their  currents  are 
flowing  in  opposite  directions.  The  law,  therefore, 
for  the  attraction  and  repulsion  of  movable,  active 
conductors  can  be  generally  stated  as  follows :  Cur- 
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rents  flowing  in  the  same  direction  through  two 
neighboring,  movable  electric  conductors  attract  each  ^^J^ 
other  because  the  magnetic  fluxes  between  them  are^uwon 
oppositely    directed;    while    two    movable,    active, S^^l*" 
neighboring  conductors  repel  each  other  when  their  "^'jj' 
currents  flow  in  opposite  directions,  because  the*" 
magnetic  fluxes  between  them  are  then  similarly  di- 
rected. 

Bearing  in  mind  the  fact  that  the  electric  current 
flowing  through  the  conductor  AB,  shown  at  the  bot- 


Fio.  131.— Direction  >"  which  the  ElKtro-dynamic  Force  Act*. 


tom  of  Fig.  233,  from  A  to  B,  produces  circular  mag- 
netic flux  around  it  in  a  clock-wise  direction,  as  indi- 
cated by  the  circular  arrows,  it  will  be  seen,  if  such 
conductor  be  placed  in  the  uniform  magnetic  fluxThecauw 
represented  by  the  small  arrows,  so  that  the  flux  in  Teiopmeot 
which  the  conductor  is  placed  will  have  the  same  tnwiTiBni- 
direction  as  that  produced  by  the  conductor  in  the' 
space  above  such  conductor,  and  will  have  the  oppo- 
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site  direction  to  such  flux  in  the  space  below  the  con- 
ductor, this  difference  in  the  amount  of  flux  on  dif- 
ferent sides  of   the  conductor  will   result   in   the 
production  of  a  mechanical  force,  called  the  electro- 
dynamic  force,  which  tends  to  move  the  wire  down- 
ward in  the  direction  of  the  large  arrow.     If  the 
direction   of   the   current   through   the   conductor 
How  re-     AB  be  reversed,  so  that  the  current  passes  as  indi- 
thl^rec-    cated  at  the  top  of  the  figure,  from  B  to  A,  then 
oftheflwsthe  direction  of  the  circular  magnetic  flux  will  be 
S2'«ure2^  coimter-clockwise,  so  that  the  flux  is  denser  below 
Itert?^**  the  conductor  than  it  is  above  it,  and  the  electro- 
fof^*^     dynamic  force  will  tend  to  move  the  conductor  up- 
ward in  the  direction  indicated  by  the  large  arrow. 
Bearing  this  explanation  in  mind,  it  is  easy  to  see 
why  changing  the  direction  of  either  of  the  mag- 
netic fluxes  will  change  the  direction  of  the  electro- 
dynamic  force,  while  changing  the  direction  of  both 
of  these  fluxes  will  have  no  effect  in  the  direction  of 
the  electro-dynamic  force. 

Since  the  conducting  wires  through  which  electric 

currents  are  passing  are  necessarily  in  the  form  of 

a  complete  circuit  or  loop,  ABCD,  as  shown  in  Fig. 

234,  the  motions  before  referred  to  may  be  generally 

stated  as  always  taking  place  in  such  directions, 

under  the  action  of  the  electro-dynamic  force,  as  to 

cause  the  conducting  loop  to  move  into  a  place  in 

which  it  embraces  the  greatest  possible  quantity  of 

Tendency   flux;  %.€,,  uutil  it  takes  the  position  shown  by  the 

m^ttt     dotted  lines  ahcd,  in  the  aforesaid  figure.  As  soon  as 

feraai^    this  is  done  the  motion  of  the  loop  ceases,  so  that, 

au^^'^  in  order  to  make  the  motion  continuous,  it  is  neces- 

sary  to  change  the  direction  of  the  flux,  which  is 

done  by  changing  the  direction  of  the  current  in  the 

coils.     In  every  case,  however,  the  loop  will  move 

in  such  a  direction  as  will  tend  to  bring  its  own  flux 
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parallel  to  the  flux  of  the  magnetic  field  in  which 
it  has  been  placed. 

A  modem  form  of  a  continuous-current  electro- 
magnetic motor  is  shown  in  Fig.  235.     This  is  a 
bipolar  motor,  the  field  magnets  consisting  of  two 
magnetizing  coils  M,M,  that  produce  two  field  poles 
N,  S.      The  armature  A  consists  of  a  laminated 
iron  core,  wound  with  coils  of  insulated  wire,  prac- 
tically in  the  shape  of  the  conducting  loop  shown  in 
Fig.  234.    The  armature  loops  are,  therefore,  placed  Bipoi*r 
in  the  magnetic  flux  produced  by  the  magnet  poles  ^,^0^ 
N,  S,  which,  as  we  have  already  seen,  will  pass  out  V\^ee^ 
of  the  north  pole  and  enter  the  south  pole.     Brushes  ™"~* 


Fio.  »34. — Devdopmen' 

B,  B  rest  on  the  commutator  C,  in  the  position 
shown.  These  brushes  supply  the  current  to  the 
armature  from  the  main  terminals  T,  T,  so  as  to  pro- 
duce north  and  south  poles  of  «,  s,  approximately 
midway  between  the  field  poles  N,  S,  The  arma- 
ture is  pulled  around  by  the  electro-dynamic  force 
produced  in  the  conducting  loops,  and  the  commuta- 
tor changes  the  direction  of  the  current  in  these  loops 
in  such  a  manner  as  to  permit  of  the  production  of 
a  continuous  rotation. 

The  value  or  strength  of  the  electro-dynamic 
force  produced  depends  on  the  following  circum- 
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Stances:  viz.,  on  the  strength  of  the  current  passing 

through  the  conducting  loops, that  is,on  the  strength 

of  the  current  driving  the  motor;  on  the  size  and 

number  of  such  conducting  loops,  or  cm  the  amount 

circuB-      (^f  l^hc  magnetic  flux  which  the  loops  embrace;  and 

SSSS^  on  the  strength  of  the  magnetic  flux  in  which  the 

jf'tKdS-'' conducting  loops  are  placed.     In  other  words,  the 

SumT'  amount  of  the  pull  produced  on  the  armature  of  an 

electric  motor,  or,  as  it  is  generally  called,  its  torque, 

will  depend  on  the  strength  of  the  current  passing 


«n  tbeir  powerful  pole  pieco  uader  tbe  inflneDce 
of  the  clsctro-drnimic  foice. 

through  the  armature,  on  the  amount  of  magnetic 
flux  passing  throu^  the  conducting  loops  on  the 
armature,  and  on  the  number  of  such  conducting 
loops. 

The  power  which  an  electric  motor  is  able  to  exert 
depends  on  the  torque  which  its  armature  produces, 
and  on  the  speed  with  which  it  runs.  It  will  be 
J  necessary,  therefore,  to  inquire  into  the  circum- 
stances that  determine  the  speed  at  which  a  motor 
runs. 
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Since  all  electric  motors  are  reversible,  that  is, 
are   able   to   produce   differences   of   potential    or 
E.M.F/s  when  rotated,  it  is  clear  that  while  the 
armature  is  being  driven  by  the  passage  of  the  elec-  eiSJS^" 
trie  current,  it  must  act  as  a  dynamo  armature  pro-  SJcl^Jf 
ducing  an  E.M.F.  in  the  opposite  direction  to  the"°^°^* 
E.M.F.  that  sets  up  the  driving  current.  The  E.M.F. 
thus  produced  by  the  motor  armature  is  called  the 
counter  electro-motive  force,  or  the  C.E.M.F.     This 
C.E.M.F.  tends  to  oppose  the  current  strength  which 
the  motor  receives  from  the  mains  that  supply  it  with 
the  driving  current.     The  higher  the  speed  at  which 
the  armature  runs,  other  conditions  remaining  the 
same,  the  greater  is  the  value  of  this  C.E.M.F.,  con- 
sequently the  smaller  is  the  current  strength  the  Great 
motor  receives  from  the  mains.     In  all  cases,  the  ce.m!f.*** 
armature  attains  such  a  speed,  while  in  operation,  mot<^^^ 
as  will  limit  the  current  received  to  the  exact  value 
required  to  produce  the  torque  necessary  to  enable 
the  motor  to  do  the  work  given  to  it.    If  this  amount 
of  work  be  increased;  ue.,  if  an  additional  load  be 
placed  on  the  motor,  its  speed  will  decrease,  the  value 
of  the  C.E.M.F.  will  correspondingly  decrease,  and 
a  greater  amount  of  driving  current  will  be  permitted 
to  pass  through  the  armature  coils.  Hence  the  torque 
will  increase  until  the  motor  is  enabled  to  do  the 
work  placed  on  it. 

If  the  number  of  conducting  loops  on  the  arma- 
ture of  a  separately  excited  motor  be  large,  and  these 
loops  be  of  small  diameter,  then,  if  such  motor  be 
connected  with  a  pair  of  constant-potential  mains, 
its  speed  will  be  comparatively  slow,  since  the 
C.E.M.F.  it  can  produce  at  a  given  speed  will  beAraature 
comparatively  great;  but  if,  on  the  contrary,  thean<>yoto'' 
number  of  conducting  loops  on  the  armature  be 
small,  especially  if  they  be  of  great  diameter  and 
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small  resistance^  then  the  speed  of  the  motor,  when 
connected  with  ccMistant-potential  mains,  will  be 
great,  since  it  must  attain  comparatively  a  high 
speed  in  order  to  produce  the  necessary  C.E.M.F. 
If  the  resistance  of  the  armature  be  high,  then,  when 
an  increased  load  is  placed  on  the  motor,  the  amount 
of  change  in  the  speed  of  the  motor,  necessary  to 
permit  the  increased  amount  of  current  to  pass 
through  it,  will  be  great,  so  that  the  speed  must  de- 
crease considerably.  On  the  other  hand,  if  the  re- 
sistance of  the  motor  be  low,  only  a  small  decrease 
in  speed  will  be  necessary  in  order  to  permit  the  cor- 
respondingly large  increase  in  driving  current  to 
pass.  If  the  pressure  on  the  driving  mains  is  in- 
creased, the  speed  of  the  motor  will  also  increase, 
in  order  to  develop  the  necessary  C.KM.F. 

If  the  amount  of  magnetic  flux  passing  through 
the  armature  of  the  motor  be  varied,  and  not  main- 
tained constant,  as  has  been  supposed  in  the  above 
cases,  then  the  speed  of  the  motor  will  vary  with 
variations  in  the  amount  of  flux  passing.     Since 
Effect  of    the  armature  will  increase  in  speed  until  the  neces- 
i?^fidd  sary  C.E.M.F.  is  produced,  it  is  evident  that,  by 
spS^of     weakening    the    field    by    decreasing    the    current 
«£if  strength  passing  through  the  field  nujnets.  we  must 
increase  the  speed  of  rotation.     On  the  contrary,  by 
increasing  the  amount  of  flux  passing  through  the 
field  by   increasing  the  current  strength   passing 
through  the  field  magnets,  we  will  correspondingly 
decrease  the  speed  of  the  motor. 
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CHAPTER  XXX 

SOME  FORMS  OF  CONTINUOUS-CURRENT  MOTORS 

''Almost  any  good  modem  dynamo  (independently  excited^ 
shunt  wound,  or  compound  wound)  will  serve  as  a  motor  on 
mains  supplied  at  the  proper  pressure;  but  attention  has  to  be 
paid  to  the  setting  of  the  brushes  that  it  may  run  rightly, 
and  the  machine  so  used  most  be  one  that  will  ghre  the 
proper  voltage  at  the  proper  speed.  In  designing  motors  pre- 
cisely the  same  principles  hold  good  as  obtain  for  designing 
generators;  for  the  same  features,  namely,  low  internal  re- 
sistance, powerful  field-magnets,  and  proper  elimination  of 
eddy-currents,  which  go  to  make  a  good  generator,  also  apply 
to  the  making  of  a  good  motor." — Dynamo-Electric  Ma- 
chinery:   S.  P.  Thompson 

IN  order  to  maintain  a  constant  amount  of  mag- 
netic flux  in  the  field  magnets  of  the  electric 
motor,  the  plan  is  sometimes  adopted  of  fur- 
nishing a  separate  source  of  current  for  their  field 
magnet  coils;  that  is,  to  employ  separately  excited ^^St2^^ 
motors.  Generally,  however,  it  is  more  convenient  °^***** 
to  place  the  motors  across  constant-potential  mains, 
in  which  case,  since  the  resistance  of  the  armature 
coils  remains  constant,  the  current  strength  in  the 
field  magnet  coils,  and,  consequently,  the  magnetic 
flux  which  the  field  magnets  produce^  will  also  re- 
main constant 

Continuous-current  motors  can  be  divided  into 
three  different  classes,  according  to  the  connections 
between  the  field  magnet  and  the  armature  circuits,  ^^^ 
or  according  to  the  number  of  coils  of  wire  on  the  ^^^ 
field  magnet  cores.    These  three  classes  are  shunt- JSJnT** 
wound  motors,  series-wound  motors,  and  compound-  JSSSt 
wound  motors.     It  will  be  noticed  that  the  diffcr- 
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ent  classes  of  motors  are  practically  the  same  as  the 
corresponding  classes  of  shunt-wound,  series-wound, 
and  compound-wound  djmamos  or  generators. 

A  shunt-wound  continuous-current  motor  is 
shown  in  Fig.  236.  Here,  as  in  the  case  of  the 
shunt-wound  dynamo,  the  field  magnet  coils  M 
are  connected  in  shunt  through  d  and  e,  with  the 
armature  coils  A.  The  current  strength  which  the 
mains  will  be  able  to  pass  through  the  armature  will 
depend  on  whether  the  armature  is  in  motion  or  at 
rest,  while  the  amount  of  current  that  the  armature 
can  continuously  take  at  full  load  will  depend  on 
its  size,  on  the  character  of  its  winding,  and  on  its 


Fig.  ^36. — ^Diagram  showing  Connections  of  Shunt-wound  Motor. 
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general  construction.  A  shunt-wound  motor  pos- 
sesses a  self-governing  power,  which  corresponds  to 
the  self-regulating  power  of  the  shunt-wound  dy- 
namo. A  shunt  dynamo,  when  driven  at  a  constant 
speed,  produces  a  nearly  constant  potential  at  its 
terminals,  while  a  shunt-wound  motor,  if  supplied 
with  a  nearly  constant  potential,  will  furnish  me- 
chanical power  at  a  nearly  constant  speed,  the  varia- 
tions in  the  constancy,  in  both  cases,  depending  on 
the  resistance  of  the  armature,  together,  in  the  case 
of  the  motor,  with  the  amount  of  mechanical  power 
generated,  and  in  the  case  of  the  dynamo,  with  the 
amount  of  electric  energy  produced  at  any  particu- 
lar time. 
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The  shunt-wotmd  motor  is  the  commonest  form 
of  stationary  electric  motor.  It  has,  in  general,  a 
speed  that  is  constant  under  different  loads,  but  the 
speed  can  readily  be  changed  when  so  desired,  either 
by  varying  the  number  of  turns  in  series  on  the 
armature,  the  strength  of  the  field  magnets,  or  the 
value  of  the  E.M.F.  applied  to  the  armature. 

A  series-wound  continuous-current  motor  is  rep- 
resented in  Fig.  237.     Here  the  magnet  coils  M 
are  connected  in  series  with  the  armature  A,  be-scHes- 
tween  the  constant-potential  mains  a  and  /,  by  means  dStric 
of  the  conducting  wires  shown.     In  this  case  the"°*^* 
amotmt  of  current  flowing  through  the  field  coils 


Fio.  237.— Diagram  showing  Coimectioiis  of  Series- wound  Motor. 

will  vary  with  the  value  of  the  C.E.M.F.  produced 
by  the  armature,  so  that,  when  the  load  on  the  ma- 
chine is  small,  the  current  strength  will  also  be 
small,  and  the  amount  of  flux  passing  through  the 
armature  will  be  correspondingly  small,  so  that  the 
motor  will  run  at  a  comparatively  high  speed.  As, 
however,  the  load  increases,  the  current  passing 
through  the  motor  will  increase,  and  with  the  in- 
crease in  the  magnetic  flux  so  produced,  the  motor 
will  run  at  a  slower  speed.  A  series-wound  motor 
is,  therefore,  far  more  variable  in  its  speed  than  a 
shunt-wound  motor.  Its  advantage,  however,  is  to 
be  found  in  the  fact  that,  in  small  sizes,  it  is  much 
simpler  to  construct,  and  is,  therefore,  cheaper. 
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A  compound-wound  continuous-current  motor  is 

shown  in  Fig.  238,  where  the  armature  is  connected 

in  series  with  the  coarse  wire  coil  m,  while  the  arma- 

wSuldSicc"  t^re  and  this  coil  are  connected  in  shunt  with  the  fine 

trie  motor,  ^jj.^  ^^jj  ^    'pj^^  windings  of  m  and  M  oppose  each 

other;  i.e.,  the  shunt  coil  M  tends  to  magnetize  the 
field,  while  the  series  coil  m  tends  to  demagnetize  it. 
Where  a  shunt  motor,  such,  for  example,  as  that 
described  in  connection  with  Fig.  236,  supplied  by 
constant-potential  mains,  and  having  a  certain  speed 
at  a  given  load,  has  its  load  suddenly  removed,  it 
will  b^in  to  run  at  a  high  speed,  which  will  con- 
tinue until  the  C.E.M.F.,  developed  by  the  rotation, 
cuts  down  the  armature  current.     By  reason,  how- 
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Fig.  338. — Diagram  showing  Connections  of  Compound-wound  Motor. 

ever,  of  the  resistance  of  the  armature,  this  cutting 
down  is  not  sufficient  to  enable  the  motor  to  regain 
its  proper  speed.  With  the  use  of  the  demagnetiz- 
ing series  coil  m  wound  on  the  field  magnets,  the 
magnetic  flux  passing  through  the  armature  be- 
comes slightly  weakened  at  full  load.  The  slight 
acceleration  in  the  speed  of  the  armature  necessary 
to  develop  the  required  C.E.M.F.  may  be  so  ad- 
justed as  almost  to  completely  make  up  for  the  de- 
crease in  speed  that  would  otherwise  take  place  by 
reason  of  the  drop  of  pressure  in  the  armature  acting 
as  a  separately-excited  machine.  By  these  means  a 
compound-wound  motor  may  become  self-govern- 
ing, and  may,  therefore,  be  so  adjusted  as  to  run  at 
a  practically  constant  speed  under  all  loads. 
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A  continuous-current  motor  can  be  made  to  have 
a  very  high  efficiency ;  for,  while  a  very  small  motor, 
of  say  but  the  fraction  of  a  horse-power,  may  not 
have  an  efficiency  of  more  than  about  30  per  cent,  of  cSSS- 
yet  a  i -horse-power  motor  may  have  an  efficiency  of  motqw. 
60  per  cent,  a  2  J4 -horse-power  motor  an  efficiency 
of  81  per  cent,  and  a  loo-horse-power  motor  an  effi- 
ciency of  90  per  cent,  or  even  greater. 

Electric  motors  possess  many  advantages  over 
steam  engines  for  the  purposes  of  driving  machin- 
ery.    In  addition  to  the  high  efficiency  above  men- some  of 
tioned,  the  electric  motor  is  much  more  compact,  tagcs  of 
and  is  of  simpler  construction  than  the  steam  en- motor*, 
gine.     It,  consequently,  requires  less  attention  and 
fewer  repairs.     But  what  renders  the  electric  motor 
so  extremely  valuable  is  the  fact  that  it  can  be  made 
automatically  self-governing,  as  already  explained; 
that  it  employs  a  rotary  motion,  in  contradistinction 
to  the  reciprocating  motion  of  the  ordinary  steam 
engine.     Then  again,  the  ease  with  which  the  elec- 
tric motor  can  be  installed  or  placed  in  position  to 
do  its  work,  is  far  greater  than  in  the  case  of  the 
steam  engine;  for,  instead  of  requiring  a  system  of 
steam   pipes,   the   length  of   which  is  necessarily 
limited,  it  only  requires  connection  with  the  supply 
mains  by  means  of  insulated  conductors.      More- cxtenaioo 
over,  in  addition  to  the  above,  electric  motors  can  motor- 
be  directly  coupled  to  the  driving  shaft  of  the  ma- machinery, 
chine  which  they  are  intended  to  operate,  thus  do- 
ing away  with  belting  and  shafting,  and  decreasing 
greatly  the  mechanical  loss  due  to  the  friction  of  the 
belting  and  shafting.     It  is  on  account  of  these  ad- 
vantages that  electric  motors  are  rapidly  coming 
into  use  for  the  driving  of  all  kinds  of  machinery, 
even  under  circumstances  where  the  dectric  genera- 
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tors  are  practically  placed  in  the  same  building  with 
the  electric  motors  employed  to  drive  the  machinery. 

Electric  motors  can  be  employed  either  on  con- 
stant-current circuits  or  on  constant-potential  cir- 
cuits.    In  the  case  of  constant-current  circuits,  the 
cS??Mtand  motors  are  series-wound,  and  are  so  arranged  that 
^tSmuf    their  speeds  can  not  become  excessive.     Continuous- 
mains,       current  motors  are  not  generally  operated  at  pres- 
sures greater  than  i,ooo  volts,  although  they  have 
been  operated  at  many  times  this  pressure.  A  series- 
wound  motor  will,  like  any  other  motor,  whether 
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Fig.  239. — Connection  of  two  Series-wound  Motors  in  Series  Across  Con- 
stant-potential Mains. 
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separately  excited,  shunt-wound,  or  compound- 
wound,  give  a  constant  pull  on  its  shaft  when  sup- 
plied with  a  constant  pressure  by  connection  across 
constant-potential  mains.  But  this  is  only  true 
where  a  single  motor  is  thus  connected  across  such 
i^!rfo?o^J[?^  mains.     Where  several  motors  are  thus  connected 

constant- 

mS***  in  series,  as  in  Fig.  239,  where  two  series-wound 
motors  are  shown  so  connected,  their  speeds  will 
tend  to  be  very  irregular;  for,  if  the  load  on  either 
machine  varies  even  slightly,  say  slightly  increases, 
there  is  at  once  produced  a  tendency  to  slow  down 
the  overloaded  motor,  and  increase  the  speed  of  the 
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more  lightly  loaded  motor.     In  order  to  avoid  this, 
it  is  necessary  to  rigidly  connect  the  motors  so  that 
their  speeds  will  be  the  same,  and  that  they  will  act 
as  a  single  motor.    Where  a  series  motor  is  operated  Sf r^wTy 
on  a  series  circuit,  some  device  is  necessary  in  order  ^^21°* 
to  prevent  the  motor  from  accelerating.    This  isSSoU**** 
done  by  means  of  either  hand  or  automatic  regula- 
tion.   Continuous-current  motors,  however,  are  gen- 
erally shunt-wound,  and  are  connected  in  parallel 
with  constant-potential  mains. 

Since  the  resistance  of  the  armature  of  a  motor 
is  generally  very  small,  being,  say,  but  the  fraction 
of  an  ohm,  when  such  motors  are  connected  across 
constant-potential    mains,    if   the   driving   current 
should  be  turned  on  while  the  motor  is  at  rest,  there  fS?Se*3 
would  necessarily  be  an  inrush  of  current  into  theJ^lSn"! 
armature,  that  would,  in  all  probability,  injure  the*°"°^°^*" 
machine;  for,  although  the  armature  would  imme- 
diately begin  to  race;  i.e.,  run  at  a  high  speed,  and 
endeavor  to  cut  off  the  excessive  current  by  rapidly 
developing  a  C.E.M.F.,  yet  before  this  could  be 
done,  the  excessive  torque  would  possibly  seriously 
damage  the  machine.     Consequently,  it  is  necessary, 
before  starting  a  motor  from  a  state  of  rest,  to  insert 
a  resistance,  called  a  starting  resistance,  into  the 
armature  circuit.     This  has  the  effect  of  decreasing  Necessity 
the  amount  of  current  that  first  enters  the  motor,  sSiS'^g^ 
and  so  permits  the  motor  to  gradually  come  up  toStou?*^* 
speed.     As  soon  as  this  is  accomplished,  and  the  series-^ 
proper  C.E.M.F.  developed,  the  starting  resistance  Sotors. 
is  gradually  cut  out  or  removed  from  the  armature 
circuit.     A  starting  resistance  is  necessary  both  in 
the  case  of  series-wound  motors  and  shunt-wound 
motors.     It  is,  however,  more  necessary  in  shunt- 
wound  motors,  because  in  series-wound  motors  the 
resistance  of  the  field  coils  stops  off  considerable  of 
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the  current.  Moreover,  the  inductance  of  the  fidd 
ooils,  under  the  sudden  tendency  to  increase  the  cur- 
rent strength,  acts  as  an  impediment  to  the  passage 
of  a  powerful  current  through  the  armature. 

In  the  form  of  starting  resistance  or  rheostat, 
shown  in  Fig.  240,  a  number  of  coils  of  galvanized 
iron  wire  are  mounted  in  a  fireproof  frame,  and  are 
'  connected  in  series  with  one  another  in  the  manner 
shown  at  the  right-hand  side  of  the  figure.  By 
means  of  the  movements  of  a  switch  handle,  shown 
at  the  top  of  the  figure,  over  the  contact  points  to 


Fio.  340.— StBrting  RoistUKC  or  RheoMat  for  Electric  Uotor. 

which  the  coils  are  connected,  either  a  part  or  all 
of  the  coils  can  be  introduced  into,  or  cut  out  from, 
the  circuit  of  the  armature.  Since  the  coils  of  a 
LttbuKr  rheostat  are  intended  to  carry  a  current  for  hut 
bMMk  the  short  time  required  to  permit  the  motor  anna- 
ture  to  come  up  to  speed,  rheostats  should  never, 
unless  specially  constructed  for  such  purpose,  be 
permitted  to  remain  any  length  of  time  on  the  cir- 
cuit, since,  otherwise,  the  coils  may  be  burned  out. 

The  direction  of  rotation  of  a  motor  can  be  re- 
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versed  by  changing  the  direction  of  the  magnetic 
flux  either  in  the  field'  magnets  or  in  the  armature 
coils,  as  may  be  done  by  changing  the  direction  of 
the  current  through  either  of  these  circuits.     ThcJJ^J^ 
reversal  of  the  armature  terminals  required  to  change  rotSion°of 
the  direction  of  rotation  is  generally  effected  by^SSS 
means  of  a  suitably  arranged  switch.     Great  care, 
however,  must  be  exercised  in  reversing  a  motor, 
since  the  armature,  while  still  rotating,  will  be  de- 
veloping an  E.M.F.,  which  will  be  no  longer  the 
C.E.M.F.  of  the  current  the  armature  is  receiving, 
but  will  be  similarly  directed,  so  that  a  very  great 
current  strength  tends  to  flow  through  the  arma- 
ture.    Therefore,  the  use  of  a  rheostat  or  resistance 
is  even  more  necessary  in  reversing  a  motor  than 
it  is  in  starting  a  motor  from  a  state  of  rest.    Where 
electric  motors  require  to  be  frequently  reversed, 
they  are  generally  series-wound,  so  that  the  resist- 
ance and  inductance  of  the  field  magnet  coils  tend  to  Sd^SSy ' 
prevent  this  excessive  rush  of  current.     Street-car  3?rec^OTof 
motors,  which  are  generally  series-wound,  some- SStor^^tL 
times  employ  a  rheostat  consisting  of  a  number  of  o^irhrosSt 
separate  wire  resistances,  so  placed  as  to  be  readily 
inserted  into  or  removed  from  the  circuit  of  the 
armature  by  the  movements  of  a  suitably  placed 
switch-handle. 

Where  it  is  necessary  that  the  motor  shall  exert 
a  constant  pull  or  torque  on  its  shaft  at  variable 
speeds,  as  in  the  case  of  electric  elevators,  electric  meufods 
cranes,  or  hoisting  apparatus  generally,  some  means  fS^'wy? 
must  be  employed  for  readily  varying  the  speed.  S^moto«. 
This  can  be  done  either  by  introducing  resistances 
into  the  armature  circuit  of  a  shunt-wound  motor,  or 
by  suitably  varying  the  connections  of  the  field  coils 
on  a  series-wound  motor.    For  example,  the  resist- 
ance Tx,  Fig.  241,  is  inserted  in  series  in  the  armature 
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r,as  shown.  The  amount  of  this  resistance  in  the  cir- 
cuit is  varied  by  the  movements  of  the  switch-handle, 
represented  in  the  figure  by  a  horizontally  placed 
switch  arm,  moving  along  different  contact  points 
oonnected  with  the  resistance  coils  in  the  position 
shown  in  the  figure,  nearly  all  the  resistance  being 
in  the  circuit,  while  when  the  arm  is  moved  toward 
the  point  of  connection  of  the  armature,  more  and 
more  of  the  resistance  is  cut  out  of  the  circuit 

In  series-wound  motors,  the  necessary  variations 
in  speed  are  obtained  either  by  varying  the  amount 


Pio.  241. — Some  Methods  Employed  for  the  Regolation  of  Shunt  and 

Series-wound  Motors. 


netooilt. 


of  current  that  passes  through  the  field  magnet  coils, 
uESoST  or  by  varying  either  the  number  or  the  connection 
fi^n^-  of  the  coils  on  the  field  magnets,  and  thus  varying 
the  amount  of  the  magnetic  flux  that  passes  through 
the  armature.  This  method  is  shown  at  the  right- 
hand  side  of  Fig.  241,  where  the  switch-handle  J, 
placed  in  connection  with  the  contact  point  a,  permits 
all  the  current  flowing  through  the  armature  to  pass 
through  the  field  coils  i,  2,  3,  4  and  5,  but  when 
moved  toward  the  right-hand  side,  to  cut  out  suc- 
cessively the  different  coils.  Generally,  however, 
the  separate  coils  of  the  field  magnets  are  so  ar- 
ranged that,  in  addition  to  varying  the  current 
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Strength  passing,  the  coils  may  be  cut  out  or  in  the 
circuit,  or  the  separate  coils  connected  in  series  or 
in  parallel  with  one  another,  as  shown  in  Fig.  242,  (o"t»^i4 
where  a  form  of  series-wound  street-car  motor  is*''**^' 
provided  with  three  separate  coils  on  each  core  of 
the  field  magnets.  By  the  movements  of  a  switch, 
each  of  the  three  sets  of  coils  may  be  grouped,  as 
shown  at  the  right-hand  side  of  the  figure,  either  as 
at  I,  where  each  set  of  three  coils  is  connected  in 
series ;  or  at  2,  where  one  of  the  coils  in  each  set  has 


been  cut  out  of  the  circuit ;  or  at  3,  4,  and  5,  where 
the  coils  are  variously  connected,  either  in  series- 
multiple,  or  in  multiple  groups. 

The  losses  which  occur  in  the  electric  motor  are, 
in  general,  similar  to  those  that  occur  in  dynamos 
and  generators.  Such  losses,  therefore,  are  those  oiio 
that  arise  from  mechanical  frictions ;  that  occur  either  m«l 
at  the  bearings  or  brushes;  or  frictions  due  to  air 
churning;  or  those  that  arise  from  magnetic  fric- 
tions, that  are  due  to  hysteretical  losses  that  occur 
by  reason  of  the  expenditure  of  energy  required  to 
reverse  the  magnetism  in  the  masses  of  iron  in  the 
motor;  or  they  are  electric  losses;  viz.,  losses  due 
to  the  setting  up  of  eddy  or  parasitical  currents  in 
the  masses  of  metal  in  the  motor. 
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For  many  purposes  it  is  desirable  to  obtain  motOTS 
that,  when  running  at  a  comparatively  slow  speed, 
will  produce  the  necessary  C.E.M.F.  required  to 
^  cq)erate  them  when  they  are  performing  their  r^u- 
lar  work.  Such  slow-speed  motors  will  generally 
have  smaller  frictional  losses,  on  account  of  their 
slow  speeds.  For  the  same  reason,  the  hysteretical 
and  eddy  current  losses  will  also  be  smaller  than  in 
big^-speed  machines.  But,  while  slow-speed  motors 
possess  the  advantages  above  referred  to,  yet  their 
output  is  necessarily  less  than  that  of  high-speed 
motors,  so  that  the  decrease  in  their  speed  means  the 
employment  of  heavier  and  more  expensive  motors. 

A  slow-speed  motor,  of  the  General  Electric  Com- 
pany's type,  is  shown  in  Fig.  243.     Here,  as  will 


FtO.  143. — Slov-^ieed  Motor  of  tbe  General  Electric  ComiHUiy'a  l>pc> 

Geneni      be  Hoticed,  the  bearings  are  supported  by  end-shields, 

c^pmj'i  which  protect  the  armature  and  field  windings.  This 

jiow^^peed  njQtQp  is  designed  to  operate  equally  well  in  an  erect, 

an  inverted,  or  semi-inverted  position,  so  that  it  can 
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be  placed  on  the  floor,  on  the  ceilingc,  or  on  a  wall. 
Althot^  the  motor  shown  here  is  provided  with  a 
pulley,  so  as  to  be  capable  of  connection  by  bdting 
to  the  machine  to  be  driven,  yet  these  motors  are 
constructed  so  as  to  be  directly  coupled  to  the  shaft 
of  the  machine  the  motor  is  intended  to  drive. 

The  completed  armature  of  the  above  motor  is  5. 
shown  in  Flg^.  244,  at  the  upper  part  of  the  figure,  'c^ 


Its  core  is  laminated,  being  built  up  of  a  number  oi 
laminations  of  soft  steel,  so  as  to  prevent  losses  from 
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the  formation  of  eddy  currents.  As  in  the  arma- 
tures of  generators,  this  armature  is  provided  with 
air  ducts,  so  as  to  permit  efficient  ventilation.  It 
will  be  noticed  that  the  armature  is  of  the  toothed 
core  type,  the  windings  or  coils  being  inserted  in  the 
spaces  between  contiguous  teeth,  as  shown  at  the 
lower  part  of  figure.  Carbon  brushes  are  employed 
in  this  machine,  as,  indeed,  is  generally  the  case  in 
electric  motors,  since  such  brushes  may  be  so  placed 
on  the  commutator  s^ments  as  to  permit  the  ma- 
chine to  readily  run  in  either  direction  without  shift- 
ing the  brushes.  Wherever  the  motor  is  exposed 
to  flying  particles  of  dust,  perforated  covers  are 
placed  over  it.  In  some  cases  these  covers  are  made 
practically  air-tight. 

Where  the  speed  of  the  motor  is  too  great  to  per- 
mit it  to  be  directly  coupled  to  the  shafting  of  the 


machine  to  be  driven,  suitable  gear  wheels  are  em- 
Reduciion  ploycd  for  reduciDg  the  speed.  Such  a  reducing  set 
niotor.  is  shown  in  Fig.  245.  Here  one  of  the  toothed 
wheels,  called  the  gear,  is  connected  directly  to  the 
motor  shaft,  while  the  other  toothed  wheel,  called 
the  pinion,  is  connected  directly  to  the  driving  shaft 
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of  the  machine  it  is  tended  to  operate.  The  reduc- 
tion will,  of  course,  be  proportional  to  the  number 
of  teeth  in  the  gear  divided  into  the  number  of  teeth 
in  the  pinion. 

Fig.  246  represents  a  form  of  General  Electric 
Company's    continuous-current    electric    motor    di-"f,'^" 
rectly  connected  with  a  16-inch  lathe.    This  is  a  ^  t^i^' 


horse-power  motor.     The  reduction  gear  is  clearly 
represented  in  the  figure. 

Where  electric  motors  are  not  directly  connected 
to  the  shaft,  and,  consequently,  where  behing  is  nec-g^^^^, 
essary,  means  are  provided  for  tightening  the  belt.  S^" 
This  tightening  is  effected  generally  by  means  of  a 
screw,  which  slides  the  motor  over  a  bed-plate  pro- 
vided for  this  purpose.  Such  a  tightening  screw  is 
shown  in  the  motor  of  Fig.  243.  Sometimes  the  spe- 
cial device  called  a  belt  tightener,  shown  in  Fig.  247, 
is  employed.  Here  the  ordinary  pulley  end-hoid 
and  bearing  of  the  motor  are  replaced  by  a  tight- 
ener-head   and    bearing,    such    as    shown    in    the 
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Special      figure.     The  manner  in  which  the  beh  is  passed 
ttewene?."'  found  the  smaller  pulley,  in  order  to  obtain  re- 
duced speed  and  rotation  in  two  different  direc- 


Fic  i47.~Speciii  Ponn  of  Belt-Ugblener  for  Electric  Hotors. 

tions,  is  shown  in  the  figure.  The  use  of  such  a 
tightener  permits  the  diameter  of  the  driving  belt 
to  be  suitably  decreased. 

A  slow-speed,   bipolar   motor,   of  the  Crocker- 
Wheeler  type,  is  shown  in  Fig.  248.    The  cores  of 


Pig.  148.— Crocker-Wheeler  Slow-speed  Bipolar  Electric  Motor. 

the  field  coils  are  formed  of  drop-forged  masses  of 

wrought-iron.     In  order'  to  ensure  a  good  magnetic 

'  joint  between  the  cores  and  the  cast-iron  bed-plate 

on  which  the  cores  rest,  the  cores  are  inserted  in 
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holes  that  are  bored  in  the  bed-plate  to  a  depth  suffi- 
cient to  make  the  area  of  contact  with  the  cast-iron 
twice  the  cross  section  of  the  field  cores.  This  is 
necessary,  owing-  to  the  fact  that  the  magnetic  per- 
meability of  cast-iron,  i.e.,  its  conductibiHty  for 
lines  of  magnetic  force,  is  only  half  as  great  as  that 
of  wrought-iron. 


n-— Armatnre  of  Crocko-WlieeleT  BlpoUt  Slow-^paed  Hotor. 


The  armature  of  this  motor  is  of  the  toothed  core 
type,  and  is  provided  with  slots,  shaped  as  shown  at 
a,  a,  a,  etc.,  in  Fig.  249.    This  shape  possesses  the 

advantage  of  leaving  the  armature  teeth  wider  at^ 

the  surface  of  the  armature  core     The  armature  ^gogi. 
coils  are  placed,  as  shown,  in  the  spaces  between  »»»"• 
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the  teeth.  The  appearance  of  a  completed  armature, 
when  mounted  on  its  shaft  and  provided  with  a  com- 
mutator, is  shown  at  the  lower  part  of  the  figure. 
Carbon  brushes  are  employed  as  in  practically  all 
seu-oiiing  motors.  The  bearings  of  the  machine  are  of  the 
self-aligning  and  self-oiling  t3rpe,  oil  being  mechani- 
cally poured  over  the  bearings  by  a  process  similar 
to  that  described  in  the  case  of  the  self-oiling  bear- 
ings of  generators. 
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CHAPTER    XXXI 

SOME  APPLICATIONS  OF   CONTINUOUS-CURRENT 

MOTORS 

"It  is  the  ease  of  control  of  an  electric  motor,  its  handi- 
ness,  convenience,  and  the  flexibility  of  the  wire  or  wires 
which  supply  it,  that  make  the  electric  subdivision  of 
power  so  valuable  an  adjunct  in  manufactories." — Dr.  A. 
£.   Keknelly 

THE  continuous-current  motor  is  applied  to  a 
great  variety  of  work  in  driving  machines 
of  different  types.  In  some  cases,  a  single, 
large  motor  is  employed  to  drive  the  main  line  of 
shafting  in  one  large  room,  or  on  one  floor  of  a  large 
factory.  In  this  case,  the  various  machines  in  the 
room,  or  on  the  floor,  are  driven  from  the  main  shaft 
by  means  of  belting  and  counter-shafting.     In  other  oiat^^ 

«  •«         .«.  m         f.         ,f  ,.         rate  motof 

cases,  each  machme  is  driven  by  directly  connecting  drive  of 
the  motor  to  the  shaft  of  the  driven  machine,  as  al-  °*^  ^^'^' 
ready  shown  in  connection  with  some  of  the  motors 
represented  in  the  preceding  chapter.  The  electric 
motor  has  been  applied  to  drive  a  great  number  of 
machines  of  different  types,  and  the  applications  of 
this  character  are  rapidly  increasing  in  number.  In 
addition  to  the  many  advantages  already  pointed  out 
that  can  be  derived  from  the  use  of  electric  motors, 
especially  direct-connected  motors,  there  is  to  be 
added  the  very  marked  saving  effected  where  ma- 
chines are  directly  driven  from  electric  motors.  It 
has  been  shown  that,  in  many  cases,  where  long  lines 
of  shafting  and  counter-shafting  are  employed  for 
driving  a  great  number  of  separate  machines,  the 


486 


ELSOTRICITY   Hi   BVERY-DAT  LIFE 


How  to 

start  a 
shuDt- 
wound 
motor. 


energy  uselessly  expended  in  belt  and  shafting  fric- 
tions bears  a  very  large  proportion  to  the  entire 
energy  required  to  drive  the  mill. 

Before  .describing  some  of  these  applications,  it 
will  be  well  to  discuss  the  steps  that  are  generally 
taken  in  order  to  start  a  motor  from  a  state  of  rest. 
In  the  case  of  a  shunt-motor,  this  is  generally  ac- 


Fio.  tjo.— 


of  Connection  of  Sbuntfwouad   Motor  oo  Conaunt- 
potential  Mains. 


complished  in  a  manner  that  will  be  better  under- 
stood from  an  examination  of  Fig.  250.  Here  the 
shunt-wotmd  motor  shown  is  connected  with  a  pair 
of  constant-potential  mains  through  a  cut-out,  and, 
in  this  case,  also  through  a  double-pole  quick-break 
switch,  Q,  to  the  starting  box.  The  switch  Q  being 
closed,  and  the  arm  S  drawn  to  the  right,  as  indi- 
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cated  by  the  circular  arrow,  contact  through  the 
strip  F  enables  the  field  of  the  motor  to  be  first 
brought  into  the  circuit.  When  its  magnetism  has 
reached  its  full  strength,  which  will  generally  re- 
quire a  few  seconds,  then  the  further  movement  of 
the  switch  Q  closes  the  armature  circuit  through  the 
resistance  of  all  the  coils  a,  a,  a.  By  thus  doing, 
the  armature  resistance  is  increased,  so  that  the  rush 
of  current  from  the  mains  through  the  armature  is 
prevented.  The  motor  is  now  started,  and  as  its 
speed  increases,  the  C.E.M.F.  it  develops  increases, 
thus  permitting  the  arm  S  to  be  turned  still  further 
in  the  direction  of  the  arrow.  An  examination 
of  the  figure  will  show  that  this  movement  will 
successively  cut  out  the  resistance  coils  a,  a,  a,  until 
the  motor  is  finally  connected  with  the  circuit,  and 
is  running  at  its  full  speed.  These  movements  of 
the  arm  S  must  be  sufficiently  slow  to  permit  the 
motor  to  acquire  its  speed  and  develop  the  C.E.M.F. 
before  all  the  resistances  are  removed. 

In  starting  a  series-wound  motor,  the  difficulties 
are  less  marked,  since,  as  already  stated,  the  resist-  How  to 
ance   and   self-induction   of  the  machine  tend   tolSIL- 
greatly  retard  the  rush  of  current.     Here,  however,  m2?or. 
the  resistance  coils  a,  a,  a.  Fig.  251,  are  used.    The 
connection  is  such  that,  when  the  motor  is  started, 
the  circuit  of  the  armature  and  field  of  the  machine 
are  in  series  with  the  resistance  coils  of  the  rheostat. 
Series-wound  motors,  when  placed  on  constant-po- 
tential circuits,  not  having  a  constant  strength  of 
their  field,  do  not  tend  to  run,  like  shunt  motors,  at 
a  constant  speed,  but  are  apt  to  race,  when  their 
load  is  suddenly  removed. 

We  will  now  examine  the  application  of  a  shunt- 
wound  motor  of  the  Lundell  type  to  driving  the 
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bellows  which  supplies  a  church  oilman  with  air.  This 
is  a  character  of  work  that  requires  close  regulation 
on  the  part  of  the  motor,  so  that  it  is  necessary,  in 
order  to  ensure  efficient  service,  that  the  speed  of  the 
motor  be  maintained  within  very  close  limits.  All 
the  organist  has  to  do  is  to  move  a  starting  switch  in 
one  direction.  This  sets  the  motor  in  operation, 
and  supplies  the  bellows  with  the  air  required  for  the 
organ.  Where  many  of  the  stops  are  open,  and  a 
large  supply  of  air  is  necessary,  the  motor,  if  prop- 
erly governed,  rapidly  speeds  up  and  maintains  the 
supply ;  while,  on  the  contrary,  if  only  a  few  of  the 


Pig.  951.— Connection  of  Series-wound  Motor  to  Constant-potential  Mains. 

stops  are  open,  and  but  a  small  air  supply  is  needed, 
the  speed  is  decreased  and  the  bellows  is  not  over- 
blown. Unless  both  of  these  requirements  are  met, 
the  operation  of  the  organ  will  necessarily  be  un- 
satisfactory. By  the  use  of  a  suitable  regulator, 
however,  no  matter  what  demand,  within  certain 
>  limits,  is  made  on  the  bellows,  a  constant  air  pres- 
sure and  a  practically  constantly  filled  bellows  are 
aisured. 


The  motor  once  started,  its  speed  is  taken  care  of 
by  the  regulator  before  referred  to.  The  lever  arm 
of  this  regulator  is  connected  by  means  of  a  flexible 
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cord  to  the  lever  of  the  bellows,  as  is  better  shown 
in  Fig.  252.    The  point  of  attachment  of  this  cord  onevS^lm 
must  be  such  that  the  proper  amount  of  movement  ^HA^tm  3 
is  left  between  a  full  and  empty  bellows  to  permit  **"®^'- 


Fig.  95a.— Connectioo  for  Motor  Drive  of  Bellows  for  Church  Organ. 

the  lever  arm  to  move  free  of  the  points  of  contact 
in  the  resistance  coils  of  the  regulator. 

Examining  in  detail  the  working  diagram  of  this 
motor,  we  notice  that  the  shunt-wound  driving  motor 
is  connected  across  a  pair  of  constant-potential 
mains,  marked  "line"  in  the  figure.  A  safety  fuse 
is  placed  in  each  main,  and  a  switch  provided  to  cut 
off  the  current  from  the  building  when  so  desired. 
The  resistance  coils  of  the  regulator  are  placed,  as 
shown,  in  series  with  the  armature. 


The  necessity  for  providing  fresh  air  in  assembly, 
sleeping  and  working  rooms,  is  well  recognized. 
Where  no  better  plan  is  possible,  a  fairly  good  sys-  oiPmotSrl**" 
tern  of  ventilation  can  be  obtained  by  intelligently haJ^fSi 
opening  windows;  but  in  all  places  where  electric t?8*'foi°]'" 
current  is  available,  as  is  now  the  case  in  nearly  all  JSm^  cSf 
densely  populated  neighborhoods,  this  can  be  much 
better  done  either  by  means  of  exhausting  or  venti- 
lating fans,  or  air  blowers,  operated  by  means  of 


luuM  but. 
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electric  motors.  The  ease  with  which  sadi  electric 
motors  can  be  regulated  as  to  speed,  and  can  be 
either  stopped  or  started,  renders  them  especially 
applicable  for  this  purpose. 

A  motor  of  the  Lundell  type,  connected  with  a 
small  exhausting  fan,  is  shown  in  Fig.  253.  This 
motor  is  mounted  by  means  of  brackets  attached  to 
a  board,  so  cut  as  to  fit  the  top  or  bottom  of  a 
window.     A  small  wall  switch,  placed  in  a  conven- 
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ient  position,  permits  the  motor  to  be  started  and  its 
qieed  to  be  readily  controlled.  Fans  of  this  diar^ 
acter  are  employed  for  removing  air  frwn  rooms, 
(rffices,  churches,  hospitals,  hotels,  asylums,  toUet 
rooms,  and  other  similar  localities.  These  motors 
are  readily  operated  wherever  incandescoit  ligfatii^ 
mains  are  accessible. 

An  enclosed,  sextipolar,  slow-speed  motor,  of  the 
Lundell  type,  suitable  for  direct  connection  to  ven- 
tilating fans  and  blowers,  is  shown  in  Fig.  254, 
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Here  one  of  the  covers  has  been  removed,  so  as  to 
show  a  part  of  the  motor.    The  armature  is  well 


laminated,  and  the  separate  commutator  segtnentssioi 
insulated  by  sheets  of  mica.  Radial  carbon  brushes  lT 
are  employed  on  the  commutator.     The  direct  con-"' 


Fio.  9U.~Hocor  Directly  Connccied  to  Blower. 

nection  of  a  motor  of  this  type,  with  a  blower,  is 
shown  in  Fig.  255.        ^^^  „  _j. 
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A  Crocker- Wheeler,  six-pole,  shunt-wound  motor, 
with  its  pulley  removed,  is  represented  in  Fig.  256, 
as  it  appears  from  the  commutator  end  of  the  ma- 
^SS  chine.  The  magnet  frame  is  made  of  cast-iron,  and 
SS2!*"  is  jointed  in  one  place,  where  it  is  split  horizcmtally, 
so  as  to  render  it  easy  to  assemble  the  various  parts 
of  the  motor.  The  magnet  frame  is  bolted,  as 
shown,  to  a  cast-iron  bed-plate,  and  the  field  poles 


Fio.  js6.— Shunt.wound  Senllpolar  Eleelrii  Molor. 

are  formed  of  steel,  that  is  cast-welded  into  the 
magnet  frame.  The  field  coils  are  wound  with  well- 
insulated,  cylindrical  bobbins. 

The  ability  of  a  properly  designed,  continuous- 
Motor  in-  current  motor  to  satisfactorily  perform  the  various 
1?"?^  operations  required  in  coinage,  has  been  demon- 
pwSS?"' strated  by  the  installation  of  electric  motors  in 
"■^  the  United  States  Mint,  at  Philadelphia.  Here 
some  108  separate  electric  motors,  mainly  of  the 
Crocker-Wheeler    type,    aggregating    some    t,ooo 
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horse-power,  have  ab-eady  been  installed.  The  mo- 
tors vary  in  size  from  i-6  of  a  horse-power  to  50 
horse-power.  Practically  alt  the  machines  in  this 
building  are  driven  by  individual  motors,  which,  as 
a  rule,  are  specially  desig^ned  for  geared  connections 
with  the  machines  th^  are  intended  to  drive. 

As  is  well  known,  on  account  of  the  softness  both 


of  gold  and  silver,  it  is  necessary,  when  these  metals 
are  employed  for  coinage,  to  alloy  them  with  various  gjj^  „^ 
other  metels.     In  order  to  ensure  absolute  uniform-  J^^*^ 
ity  in  the  amount  of  gold  and  silver  in  the  United  ^^g'SS 
States  coinage,  the  metals  are  first  subjected  to  a^""**"* 
process  of  electrolytic  refining,  by  means  of  current 


BIECTRICITT  IN  EVBRY-DAY  LIFE 

supplied  by  a  specially  dengned  dynamo.  By  the 
employment  of  electrolytic  refining,  a  degree  of 
purit_y  is  reached  as  great  as  999.9  parts  in  1,000. 
After  this  practically  pure  metal  has  been  obtained, 
it  is  alloyed  with  the  proper  proportion  of  other 
metals,  in  order  to  produce  the  United  States  stand- 
ard gold  and  silver  coins.  This  alloy  is  cast  into 
suitable  ingots,  which  are  then  submitted  to  vari- 
ous processes  of  cutting,  rolling,  cutting  out  blanks, 
forming  a  milted  edge  on  the  blanks,  and  finally  coin- 
ing. All  these  processes  are  carried  out  by  means 
of  electric  motor-driven  devices. 


It  will  suffice  here  to  call  attention  to  only  a  few 
of  such  machines,  as,  for  example,  the  milling  ma- 
chine shown  in  Fig.  257,  to  the  group  of  electrically 
driven  stamping  machines  shown  in  Fig.  258,  and  to 
the  motor-driven  stamping  press  shown  in  Fig.  259. 

Attention  is  called,  in  the  electric  motors  repre- 
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seated  in  some  of  the  preceding  figures,  to  the 
marked  discrepancy  between  the  size  of  the  driving' 
motors  and  the  size  of  the  driven  machines.  It 
seems,  at  first  sig^t,  that  it  should  be  manifestly  im-SS^If 
possible  for  large  machines  to  be  driven  by  such  ap-""*"' 
parently  puny  prime  movers,buttheamountof  enei^ 
that  can  be  obtained  from  a  compact,  well-designed 
and  prc^)erly  constructed  electric  motor  of 'the  mod- 
em type  is  exceedingly  great  Indeed,  this  consti- 
tutes another  of  the  many  advantages  of  the  electric 
motor,  and  is  only  another  consideration  which  may 


1   the    United    Stata 

be  added  to  those  already  mentioned  as  to  why  it  is 
that  so  great  an  increase  has  been  witnessed  during 
the  last  two  decades  in  the  use  of  the  electric  drive  Direaion 
of  machinery  of  all  kinds,  instead  of  the  old  form  of  future  m-' 
steam  drive.     Great  as  has  been  the  growth  within  io«ieeirie 
late  years,  the  next  few  decades  will,  probably,  see 
even  a  still  more  rapid  growth.     It  must  not  be  for- 
gotten, however,  that  it  is  not  here  intended  to  con- 
vey the  idea  that  such  growth  will  result  from  im- 
provements in  the  efficiency  of  electric  motors;  for, 
as  we  have  seen,  these  have  already  reached  an 
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efficiency,  in  large  sizes,  of  from  90  to  95  per  cent, 
so  that  the  possible  improvement  in  this  direction 
is  necessarily  limited  to,  say,  some  10  per  cent  or 
5  per  cent.  The  improvements  will,  probably,  be  in 
the  direction  of  obtaining  even  still  better  regula- 
tion, thus  permitting  the  motors  to  be  stopped, 
started,  or  reversed,  and  to  be  able  to  run  at  vary- 
ing speeds.  Indeed,  even  if  such  improvements 
are  not  made,  the  electric  motors,  as  they  exist 
at  present,  will,  there  is  every  reason  to  believe, 
greatly  increase  in  the  number  and  character  of 
their  applications. 

In   addition    to   the   installation   in   the  United 
States    Mint,    another   instance   of   an   electrically 
SSark      driven  manufacturing  plant,   that  may  be  briefly 
SeSfSTiy  discussed  here,  is  that  of  the  General  Electric  Com- 
chinc°iS^  pany's  shops  at  Schenectady,  N.  Y.     Here,  prac- 
tady^*N?Y?"  tically  all  the  machinery  is  driven  by  means  of 
some  3,000  horse-power  of  electric  energy,  that  is 
transmitted  to  the  works  from  Mechanicsville,  some 
eighteen  miles  distant.     All  the  large  tools  in  the 
shop  are  driven  by  separate  or  independent  mo- 
tors.   Travelling  cranes,  electrically  driven  and  op- 
erated, carry  electrically  driven  tools  to  heavy  pieces 
of  work,  instead  of  carrying  the  work  to  the  tools, 
electric  hoists  picking  up  the  various  tools  with 
wonderful  ease.     Other  instances  of  the  employ- 
ment of  electric  power  for  manufacturing  purposes 
might  be  mentioned  here;  for  example,  as  much 
as  5,000  horse-power  is  employed  in  the  manufac- 
turing plant  of  the  Deering  Harvester  Company, 
at  Chicago,  111. 

In  the  greater  part  of  the  United  States,  during 
some  of  the  months  of  the  year,  the  high  tempera- 
ture of  the  air,  combined  with  the  presence  of  an 
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unusual  amount  of  water  vapor  in  the  air,  often 
renders  it  difficult  to  ensure  comfortable  human 
existence,  especially  in  close  offices,  or  rooms  in  the 
densely  populated  parts  of  the  city.     The  use  of^^KiecI 
hand-moved  fans  to  stir  the  air,  and  thus  produce  Sr^'driwng 
a  lower  temperature  of  the  body  through  an  jn-"^*^"*- 
crease  in  the  evaporation  of  the  moisture  from  its 
surface,  is  only  possible  in  the  comparatively  rare 
cases  of  those  who  have  time  for  such  use.     For- 
tunately, however,  the  electric  motor  wonderfully 
adapts  itself  to  work  of  this  kind,  and  a  great  in- 
crease has  been  noticed  in  the  number  of  motor- 
driven  fans. 

Fan  motors  are  generally  constructed  so  as  to 
be  operated  on. the  constant-potential  circuits  em- 
ployed in  supplying  incandescent  lamps  with  their 
working  current.  Although  motors  have  been  de- 
vised for  use  on  arc  light  circuits,  yet  such  use  is 
not  advisable,  by  reason  of  liability  to  exposure  to 
dangerous  pressures  unless  great  care  is  taken.  It 
is  a  fortunate  circumstance  that  the  time  when  the 
least  load  is  placed  on  the  central  station  comes  atfannwtSre 
such  time  during  the  twenty-four  hours  of  theSS-SSd!^ 
day  when  the  greatest  number  of  fans  are  apt  to 
be  in  use.  This  permits  the  average  load  of  the 
central  station  to  be  materially  increased,  so  that 
the  central  station  is  able  to  offer  inducements  to  its 
customers,  either  in  the  form  of  rebates,  or  of 
smaller  charges  for  the  current  supplied  during  the 
hours  of  light  load.  It  is  not  remarkable,  there- 
fore, although  it  may  be  a  surprise  to  some,  that, 
within  the  past  few  years,  an  enormous  increase  has 
taken  place  in  the  amount  of  electric  energy  that  is 
required  for  the  driving  of  fan  motors.  In  the 
Census  Bulletin  for  the  12th  Census  of  the  United 
States,  published  at  Washington,  D.  C,  August  25, 
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igo2,  the  following  very  interesting  remarks  are 
made  concerning  this  particular  application  of  the 
electric  motor: 

"The  statistics  as  to  electric  fan  motors  are  es- 
pecially interesting,  as  illustrative  of  the  develop- 
ment of  a  distinctively  American  industry  that  has 
sutS'cen-  grown  up  during  the  last  census  period.  The  records 
S^the^ST  show  that  in  the  early  eighties,  Dr.  S.  S.  Wheeler, 
th?Se*^f  an  electrical  engineer,  of  New  York,  hit  upon  the 
triSSiy*^'  idea  of  connecting  a  'screw  propeller'  fan  to  a 
driven  fans,  gjjj^lj  ^j^^q^  which  hc  had  been  developing,  to  be 

operated  from  primary  batteries.  At  that  time  there 
were  few  circuits  available  for  incandescent  light- 
ing, and  some  of  the  fans  were  placed  upon  the 
series  arc-lighting  circuits,  a  combination  that  was 
at  once  dangerous  and  economically  undesirable. 
Little  advance  was  made  until  in  1888,  when  a  suc- 
cessful attempt  was  made  to  introduce  such  fans 
upon  the  low-potential,  constant-current  circuits  for 
incandescent  lighting,  each  taking  the  place  of  a 
lamp.  Battery  current  had  been  so  expensive  as  to 
limit  the  use  of  this  ventilating  device,  but  as  soon 
as  central-station  current  was  available,  the  fan  be- 
g^^^  came  popular,  and,  about  1890,  the  industry,  as  such, 
flS^otors  ^^^^  definite  shape.  A  couple  of  years  later  the 
well-known  electric  ceiling  fan  was  introduced,  and 
since  that  time  the  production  of  desk,  bracket, 
ceiling,  rotating,  and  other  fans,  for  domestic  and 
foreign  trade,  has  grown  by  leaps  and  bounds,  and 
American  fan  motors  are  now  supplied  to  every 
quarter  of  the  globe. 

"One  improvement  consisted  in  putting  a  guard 
around  the  fan  to  protect  unwary  fingers;  another, 
in  enclosing  the  motor  by  the  field  magnets  and 
frames  so  that  none  of  the  working  parts  were  ex- 
posed. Fans  to  work  on  trunnions,  to  hang  in 
chains,  or  to  swivel,  so  as  to  throw  the  breeze  evenly 
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all  around  a  large  area,  are  among  the  modifica- 
tions; while  an  ingenious  variety  has  resistance 
heating  strips  so  arranged  in  front  of  the'  fan  blades 
that  in  winter  warm  air  is  projected  from  them. 
The  use  of  ordinary  resistances  in  the  base  in  con- 
nection with  the  fans  enables  the  speed  to  be  closely 
regulated,  so  that  the  velocity  of  the  breeze  is  under  Sproye- 
the  control  of  the  user.  The  popularity  of  these  Sn^motora. 
fans  has  been  so  great  that  during  the  census  year 
the  supply  was  far  short  of  the  demand.  In  the 
aggregate  the  consumption  of  current  by  this  appa- 
ratus is  considerable,  and  it  will  be  noted  that  the 
capacity  of  the  98,577  reported  during  1899-1900 
was  12,766  horse-power.  The  steady  operation  of 
these  through  the  summer  months  would  make  a 
notable  consumption  of  current,  to  some  extent  re- 
placing that  due  to  incandescent  lamps.  In  fact, 
the  average  daily  use  of  an  incandescent  lamp  is 
barely  an  hour  or  two,  but  it  is  by  no  means  unusual 
for  a  fan  motor  to  be  started  at  8  or  9  a.m.  and  to 
run  steadily  through  the  summer  day  until  5  or  6ioi?Sf** 
P.M.  As  a  fan  consumes  on  an  average  about  thesution 
same  current  as  an  incandescent  lamp,  the  fans  that  m^on!" 
have  been  put  on  the  circuits  during  the  last  ten 
years  do  much  to  equalize  the  winter  and  summer 
'load'  on  central  stations  and  isolated  plants." 

Forms  of  fan  motors,  suitable  for  use  on  con- 
stant-potential mains  of  from  iit;  to  2-^0  volts,  are„ 

*^ .  ^  -  F^an  motors 

shown  in  Fig.  260.  These  mams  are  provided  with^vari-^ 
with  a  small  hand  switch  for  starting  and  regu- 
lating the  motor.  In  this  manner  three  different 
speeds  can  be  obtained;  viz.,  900,  1,200,  and  1,600 
revolutions  per  minute.  The  fan  shown  in  the 
bottom  figure  on  page  450  is  mounted  on  a  stand, 
in  the  usual  way;  that  shown  at  the  top  of  the 
figure  is  supported  as  shown  on  a  bracket,  where. 
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by  means  of  a  universal  joint,  the  fan  is  per- 
mitted to  be  turned  at  any  angle,  so  as  to  throw 
the  air  either  toward  or  from  certain  parts  of  the 
room,  as  may  be  desired.  This  is  often  very  de- 
sirable, since  at  times,  especially  when  the  body  is 
unduly  heated,  it  is  both  unpleasant  and  unsafe  to 
permit  a  strong  current  of  air  from  the  fan  to  be 
thrown  directly  against  the  body;  while,  at  other 
times,  such  air  current  is  greatly  to  be  desired. 

In  order  to  keep  the  air  in  large  rooms  in  a  gen- 
tle motion,  fans  of  large  size  are  employed.    These 
are  either  supported  on  the  tops  of  vertical  posts,  £I*S5j. 
or,   as  is   more  usually  the  case,   are   suspended  ^o^^o? 
from  the  ceiling.     In  the  latter  case,  in  order  toJJ^eiS"- 
avoid  unsightliness,  the  fan  is  frequently  combined  ^^ '*°^'** 
with  a  group  of  incandescent  electric  lamps.     Such 
ceiling-suspended  fans  are  especially  applicable  in 
restaurants,  hotel  corridors,  department  stores,  and 
in  other  similar  locations. 

Another  important  use  of  large  electric  motors 
is  in  the  operation  of  elevators.  For  such  purposes, 
a  slow-speed  motor  must  be  employed,  that  is  ca- 
pable of  running  equally  well  in  both  directions 
without  its  diameter  of  commutation  varying,  and, 
consequently,  without  sparking  at  the  brushes. 
The  motor  must  be  able  to  start  at  heavy  loads,  some  «- 
that  is,  when  the  car  is  filled  with  passengers.  ?oreicvator 
What  is  perhaps  most  difficult  to  ensure,  is  that  the  "***  **"* 
electric  apparatus  required  in  operating  the  motor 
must  be  capable  of  being  used  by  people  who  are 
absolutely  ignorant  of  even  the  elementary  prin- 
ciples of  electric  science.  In  addition,  the  motor 
employed  for  driving  the  apparatus  must  not  only 
be  capable  of  operating  in  the  small  space  that  is 
generally  devoted  to  the  driving  machinery  of  ele- 
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vators,  but  must  also  be  of  such  a  nature  as  not  to 
be  readily  injured  by  the  dampness  and  dust  com- 
mon to  aicli  spaces.  Notwithstanding  all  these 
difficult  requirements,  the  c^)eration  of  elevators 
by  dectric  motors  has  been  very  successfully  ac- 
oomplidied,  and  motors  are  rapidly  coming'  into 
use  for  this  purpose. 

An  dectric  motor  of  the  Holtzer-Cabot  Com- 


Fis.  161,— Holuer-Cabot  Motor  for  Drivlos  Blewors. 

pany's  type,  shown  in  Fig,  261,  is  much  employed 
Hoitzer-  ^^r  the  driving  of  elevators.  Here,  as  seen  in  the 
^mpanfs  ^S^^^'  ^^^  motor  is  only  partly  enclosed.  The  field 
Smm  for  poles  are  of  wrought  irc«i,  cast-welded  in  the  form 
rfe™?r..    oi  pole  shoes,  which  hold  the  field  coils.     These 

iron  masses  are  thinner  at  thdr  edges,  thus  per- 
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mittii^  the  armature  coils  to  leave  the  field  near 
the  poles  through  a  r^on  that  gradually  decreases 
in  magnetic  density,  and,  by  aiding  in  fixing  the 
diameter  of  ccxnrautation,  avoid  spaiidng.  The 
armature  core  is  thoroughly  laminated.  The  ma- 
chine is  compound-wound,  and  has,  in  addition  to 
the  shunt  winding,  a  heavy  cumulative  compound 
winding.  The  armature  is  wound  with  a  propor- 
tionately great  number  of  turns  of  wire,  so  that 
its  resistance  is  fairly  high.  The  motor  is  capable 
of  running  at  various  speeds,  by  means  of  resist- 
ances inserted  into  the  field  circuit,  so  that  the 
latter  is  able  to  rapidly  come  from  a  state  of  rest 
up  to  full  speed. 

So  satisfactory  has  been  the  work  of  electric 
motor-driven  elevators  that,  toward  the  close  of 
1 90 1,  there  were  some  3,000  separate  elevators 
operated  by  direct-current  motors,  and  some  soOsutiStict 
by  alternating-current  motors,  in  the  city  of  New^^^S^ 
York  alone.  In  order  to  get  some  idea  of  the  char- 
acter of  the  work  done  in  this  direction,  let  us  take 
.  the  case  of  the  elevators  installed  in  Park  Row 
Building,  New  York  City,  a  29-story  structure 
Here  five  elevators  have  been  installed  for  carrying 
passengers  as  high  as  the  26th  floor.  To  do  this, 
the  car  requires  to  be  raised  through  a  vertical  dis- 
tance of  308  feet.  The  freight  elevator,  which 
runs  from  the  basement  to  the  25  th  floor,  raises 
its  load  through  a  vertical  distance  of  nearly  424, 
feet.    ' 

Or  take  the  case  of  the  electric  elevator  in  the « wash- 
Washington    Monument,    at    Washington,    D.    C.  moaument. 
This  elevator  replaced    the  steam-driven  elevator 
formerly  employed.     The  Washington  Monument 
is  some  555  feet  high.     During  every  week  day. 
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this  elevator  lifts  a  load  due  to  the  weight  of  about 

Electric     4^^  pcopIe.    When  the  old  steam  elevator  was  run- 

twk!?M     ning,  this  lifting  was  done  at  the  velocity  of  about 

SSim."     50  feet  per  minute;  now,  with  the  electric  elevator, 

this  velocity  is  about   lOO  feet  per  minute,  thus 

cutting  down  the  time  required  for  each  service 

from  approximately  ten  minutes  ta  five  minutes. 
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CHAPTER    XXXII 


EARLY  HISTORY  OF  THE  ELECTRIC  STREET  RAILWAY 

"Since  then  on  many  a  car  you'll  see 
A  broomstick  as  plain  as  plain  can  be ; 
On  every  stick  there's  a  witch  astride, — 
The  string  you  see  to  her  leg  is  tied. 
She  will  do  a  mischief  if  she  can, 
But  the  string  is  held  by  a  careful  man. 
And  whenever  the  evil-minded  witch 
Would  cut  some  caper  he  gives  a  twitch. 
As  for  the  hag,  you  can't  see  her. 
But  hsLtk  I  you  can  hear  her  black  cat's  purr. 
And  now  and  then  as  a  car  goes  by. 
You  may  catch  a  gleam  of  her  wicked  eye. 
Often  you've  looked  on  a  rushing  train. 
But  just  what  moved  it  was  not  plain. 
It  couldn't  be  those  wires  above, 
For  they  could  neither  push  nor  shove ; 
Where  was  the  motor  that  made  it  go— - 
You  couldn't  guess,  but  now  you  know." 
— The  Broomstick  Train:  Oliver  Wendell  Holmes 

THERE  are  many  people  now  living  who  can 
remember  the  time  when  the  only  means  of 
going  from  one  part  of  a  city  to  another, 
other  than  by  walking,  was  either  by  the  clumsy  st^ge 
horse-driven    coaches  or  the  omnibuses.    Then,  ex-  aSSTSSii- 
cepting  those  who  could  employ  steam  cars,  people  **"■** 
doing  business  in  the  city  necessarily  lived  within 
the  city  limits,  at  comparatively  short  distances  from 
their  places  of  work. 

Then  came  the  horse  cars,  drawn  on  tramways  or 
iron  tracks  laid  in  the  streets.    This  was  a  great  im-  "**^  **^ 
provement  for  those  early  times,  and,  quite  nat- 
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urally,  caused  an  increase  in  the  amount  of  travel, 
owing  to  the  greater  certainty  of  service  and  the 
decrease  in  the  time  required  to  reach  distant  parts 
of  the  city.  The  possible  dwelling  area  of  the  city 
for  the  working  classes  was  then  increased,  many 
being  able  to  live  at  much  greater  distances  from 
their  places  of  work  than  was  formerly  possible. 

Then  came  the  great  improvement  in  the  cable 
cars,  in  which  a  heavy  continuous  cable  was  pulled, 

Cable  caw.  along  with  the  cars  holding  on  to  it,  through  an 
underground  conduit,  suitable  grips  being  provided 
which  would  enable  the  gripman  to  attach  or  detach 
the  grip,  so  that  his  car  could  start  or  stop  at  will. 
Although  this  system  of  car  propulsion  was  a  great 
improvement  over  horse  cars,  yet  its  clumsiness  and 
the  stoppage  of  the  entire  line  of  cars  when  any  acci- 
dent happened  to  the  cable,  led  to  the  invention  of 
many  devices  for  the  purpose  of  propelling  the  cars 
by  separate  or  individually  operated  motors.     Air 

tor'Sn?"  motors  were  suggested  for  this  purpose,  in  which  the 
cars  were  driven  by  motors,  operated  either  by  air 
under  great  pressure  in  metallic  cylinders  placed 
under  the  car  bodies,  or  even  by  liquefied  air.  None 
of  these  methods  of  propulsion,  however,  was  satis- 
factory, and  the  clumsy,  under-running  cable,  with 
its  unmechanical  appliances,  continued  in  use. 

Finally,  however,  the  electric  propulsion  of  street 
cars  came  into  use,  and  with  its  advent  other  sys- 
StSi^lars.  tems  were  rapidly  replaced.  Now  we  have  elec- 
trically driven  street  cars,  each  car  being  provided 
with  a  number  of  separate  electric  motors,  operated 
by  current  generated  at  a  distant  power-house,  and 
conveyed  over  a  line  of  conductors  either  by  means 
of  an  overhead  or  an  underground  wire.  The  cur- 
rent is  taken  from  the  trolley  wire  by  means  of  a 
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travdling  contact  wheel,  attached  to  the  trolley  pole 
in  a  manner  that  is  familiar  to  all;  or  it  is  taken 
off  a  conducting  wire  by  means  of  an  under-running 
trolley. 

The  system  of  electric  traction  by  separate  elec- 
trically driven  motors  is  now  so  successful  that  it 
is  rapidly  becoming  a  dangerous  rival  for  steam  £!^m 
roads;  for,  the  electric  car  is  no  longer  limited  toSicSoii? 
operation  within  city  limits,  but  now  extends  from 
town  to  town,  in  many  locations,  paralleling  existing 
steam  roads. 

With  the  modem  method  of  cheap  and  rapid  elec- 
tric transit,  it  has  become  possible  for  workers  to 
live  at  comparatively  great  distances  from  the  more  traSJft  and 
densely  built  up  portions  of  the  city.  Consequently,  ©i^cEoT* 
nearly  all  cities  have  gradually  expanded  in  area, 
and  with  this  expansion  has  occurred  a  marked  un- 
settling of  real  estate  values.  There  was  originally 
a  great  increase  in  the  value  of  the  necessarily  lim- 
ited desirable  tracts  of  land  situated  on  the  outskirts 
of  large  cities,  and  readily  accessible  by  the  old 
street-car  systems,  or  the  cable  roads.  Now,  how- 
ever, with  the  great  extension  of  electrically  driven 
trolley  cars,  when  it  is  only  a  matter  of  an  additional 
half  hour  or  so,  to  be  able  to  obtain  the  advantages 
of  far  b^er  locations,  the  high  prices  formerly  de- 
manded for  specially  located  outlying  lots  in  a  city 
have  markedly  decreased. 

To  those  who  are  unfamiliar  with  the  general 
principles  of  electricity  and  magnetism,  some  oi^^^j^^^^f 
the  applications  of  these  sciences  to  the  economic  i,^*iS"^y 
arts  often  appear  to  possess  an  exceedingly  un-f/jf^J^^ 
canny  element,  so  that  the  ignorant  might  almost  be  S2i?Acity. 
led  to  believe  that  they  were  living  in  a  world  of 
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magicians  and  genii,  instead  of  only  very  up-to- 
date  and  matter-of-fact  people.  Take,  for  example, 
the  case  of  the  electric  propulsion  of  the  street  car 
myJtSroi  that  we  are  now  considering.  All  that  the  public 
plo^puirion.  cai^  actually  see  is  what  the  motorman  does,  sav- 
ing, of  course,  the  occasional  flashing  that  occurs 
at  the  trolley  wheel,  or  between  the  car  wheels  and 
the  ground.  As  soon  as  the  motorman  turns  a 
handle  connected  with  a  metallic  box  at  his  left- 
hand  side,  the  car  is  immediately  propelled  as  though 
some  unseen  genie  had  taken  it  in  his  grasp  and  was 
hurrying  with  it  along  the  streets.  Where  does  the 
energy  which  drives  the  car  come  from  ?  The  trol- 
ley wire  looks  the  same  when  the  car  is  moving  as 
it  did  before  the  car  began  to  move.  These  diffi- 
culties, of  course,  at  once  disappear  when  the  theory 
of  the  matter  is  understood. 


Matter- 
of-fact 
Twentieth 
Century 
outranks 
the  age 
of  fairies 
and  genh. 


It  is  an  interesting  fact  that  nearly  all  the  old 
fairy  stories  appear  to  have  been  purposely  framed 
so  as  to  recite  as  possible  only  the  most  improb- 
able, if,  indeed,  not  impossible,  things.  Take,  for 
example,  the  story  of  the  prince  who  was  in  trouble 
to  find  horses  to  properly  mount  his  army,  and  note 
the  wonderful  power  his  fairy  godmother  gave 
him  of  bringing  a  splendid  horse,  fully  equipped 
and  ready  for  work,  up  out  of  the  ground  whenever 
he  stamped  his  foot — a  horse  for  each  stamp.  Could 
anything  apparently  be  more  improbable  than  such 
a  story?  Could  the  intellect  of  man  ever  hope  to 
be  able,  not  only  to  render  such  a  story  true,  but 
even  to  do  vastly  more  than  claimed  by  this  old 
story?  And  yet  the  motorman  of  the  modem 
street  car  can  do  all  this,  and  even  much  more;  for, 
when  he  taps  on  the  ground,  by  turning  the  handle 
of  the  switch  at  his  left-hand  side,  he  brings  up  out 
of  the  ground  not  a  single  horse  only,  but,  in  the 
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case  of  the  modern  street-car,  equipped  as  it  is 
with  four  separate  electric  motors,  one  attached  to 
each  driving  wheel,  as  many  as  150  horses,  i.e.  150 
electric  horse-power.  Moreover,  these  horses  are 
better  trained  than  any  that  are  produced  either  in 
actuality  to-day,  or  in  the  imagination  of  the  old 
fairy  story,  for  they  can  all  be  made  to  pull  sofiSS^w. 
nearly  together  that  the  loss  or  lack  of  efficiency '***  **°"^ 
is  extremely  small.  Moreover,  the  electric  horses 
called  out  of  the  ground  at  the  tap  of  the  motor- 
man,  when  all  their  work  is  done,  can  be  silently 
dismissed  through  the  ground  back  to  their  stable; 
viz.,  to  the  power-house  where  the  electric  current 
is  produced,  and,  moreover,  when  at  their  stalls 
in  such  house,  can  be  better  fed  or  nourished  by 
the  coal  burned  under  the  boilers  of  the  central 
station,  than  can  the  more  substantial  horses  be  fed 
with  the  oats  and  hay  necessary  in  such  cases.  Is 
not  the  reality,  as  it  exists  to-day  in  the  case  of  the 
electric  street  railway,  even  more  strange  than  in 
the  case  of  the  fairy  story  ? 

Before  entering  into  a  description  of  the  system 
of  electric  propulsion  for  street  cars,  it  will  be  inter- 
esting to  give  a  brief  history  of  the  early  develop- 
ment of  this  branch  of  the  electric  arts. 

The  first  three  applications  of  the  electric  propul- 
sion of  cars  were  made  between  the  years  1834  andwSfkcrein 
1840,  in  the  United  States,  in  Scotland,  and  in  Eng-  electric 

-        ,     .        ,  ,  •  1  1  street  cars. 

land,  m  the  above-mentioned  order. 

Thomas  Davenport,  the  Vermont  blacksmith  al- 
ready referred  to,  appears  to  have  been  the  first  to  JJjjf*  ^ 
apply  for  a  patent  for  an  electric  motor  for  the  driv-  of  Vermont 
ing  of  street-cars.     Davenport's  first  motor  was 
constructed  in  1834.     In  1835,  he  had  constructed 
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a  small  circular  railway,  at  Springfield,  Mass.,  on 
which  he  operated  a  motor-drawn  car.  His  pat- 
ent, entitled  an  ^Application  of  magnetism  and  dec- 
tro-magnetism  to  propelling  machinery,*'  was  the 
first  United  States  patent  ever  taken  out  for  an  elec- 
tric motcw.  It  is  evident  that  the  official  examiner 
in  the  Department  of  Electricity,  during  these  early 
days,  was  either  an  extremely  liberal  man,  or  dse 
he  regarded  the  motor  of  Davenport  as  an  inven- 
tion of  great  novelty,  since  he  granted  Davenport 
the  following  exceedingly  broad  claim :  viz.,  "Apply- 
ing magnetic  and  electro-magnetic  power  as  a  mov- 
ing principle  for  machinery,  or  in  any  other  substan- 
tially the  same  principle." 

The  Scottish  inventor  was  Rdbert  Davidson,  who, 
nSwdlon  in  1838,  invented  the  electric  motor  which  he  applied 
of  Scotland.  £^^  ^j^^  driving  of  a  small  locomotive,  as  we  have 

already  mentioned. 

The  English  invention  was  made  in  1840,  by 
Henry  Pinkus,  who  took  out  a  patent  in  England 
for  a  system  of  electric  propulsion  of  cars,  by  means 
Henry  of  currcnt  from  voltaic  apparatus  placed  in  a  cen- 
Engiand.  tral  Station  or  buried  underground ;  or,  as  he  stated 
in  the  specification  of  his  English  patent,  by  erecting 
a  central  station  in  which  an  electric  battery  or  bat- 
teries are  placed,  or  constructing  wells  or  tanks,  too 
deep  in  the  ground  to  interfere  with  agricultural 
operations.  Pinkus  proposed  to  apply  electric  pro- 
pulsion to  carriages  on  ordinary  roads  (automo- 
biles?), or  on  vessels  afloat.  There  is,  however,  no 
evidence  that  he  ever  did  anything  more  than  theo- 
rize concerning  this  method  of  electric  propulsion. 
Unlike  the  preceding  inventors,  he  does  not  appear 
to  have  ever  put  his  inventions  into  actual  practice. 
He  had,  however,  evidently  given  considerable  study 
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to  the  subject  of  the  electric  propulsion  of  cars,  car- 
riages and  boats;  for,  as  early  as  1834,  he  had  taken 
out  a  British  patent  for  "An  improved  method  or4yc*252S' 
an  apparatus  for  communicating,  and  transmitting,  pinlS^ 
or  extending  motive  power  by  means  whereof  car-*"^^"^*^ 
riages  or  wagons  may  be  propelled  on  railways  or 
common  roads,  and  vessels  may  be  propelled  on 
canals."     This  invention  relates  to  a  pneumatic  rail- 
way, in  which  magnetic  attraction  was  to  be  em- 
ployed for  governing  the  air  supplied  to  the  motor. 

In  1847,  Moses  G.  Farmer  constructed  and  ex- Farmer, 
hibited  an .  electro-magnetic  locomotive,  capable  of 
drawing  a  car  carrying  two  passengers. 

In  185 1,  Page,  in  America,  made  a  trial  trip  of 
an  electric  locomotive  between  Washington,  D.  C, 
and  Bladensburg,  on  the  Baltimore  &  Ohio  Railroad, 
already  referred  to. 

In  1879,  George  Green,  in  America,  invented  an 
electric  motor  somewhat  similar  to  that  of  Farmer,  Green, 
but    containing    several    important    improvements. 
Green  applied  for  a  United  States  patent  for  this 
motor  as  early  as   1879,  but  his  application  was 
placed  in  interference,  and  the  patent  to  him  did 
not  issue  until  1891.     In  1879,  Siemens  &  Halske,  in     ^^^ 
Germany,  constructed  and  operated  an  electric  rail-  &  Haiske. 
way  at  the  Industrial  Exhibition  of  Berlin.     The 
current  required  for  driving  the  locomotive  in  this 
railway  was  obtained  from  a  central  station,  the 
current  required   for  the  motors  being  taken,   by 
means  of  a  travelling  contact  or  shoe,  from  a  third 
rail  placed  between  the  two  tracks. 

But  all  the  efforts  of  these  inventors  successfully 
to  apply  the  electric  motor  to  the  operation  of  street 
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railways  failed,  because  the  dynamo-electric  madiine 
Why  the  ^^  ^^*  y^  h^ioa  sufficiently  developed  to  enaUe  it 
SS^iSST*^  readily  and  cheaply  supply  the  driving-  current 
As  we  have  already  seen,  it  was  not  until  Gramme 
greatly  improved  the  dynamo,  and  it  had  become 
generally  known  that  any  good  dynamo  was  capa- 
Ue  also  of  acting  as  a  motor,  that  die  practical  oper- 
ation of  electrically  driven  street  cars  became  a  pos- 
sibility. 

Without  attempting  to  describe  the  many  inven- 
tions that  were  made  as  soon  as  the  facts,  above  re- 
JSSlSit,    ferred  to,  became  self-evident,  it  will  suffice  to  call 
S?  Field,    attention  to  an  application  made  in  the  United  States 
Patent  Office  by  Edison,  on  June  5,  1880,  for  an 
electric  railway.     This  application  was  placed  in  in- 
terference with  a  caveat  filed  in  the  Patent  Office  on 
May  21,  1879,  by  Stephen  D.  Field,  and  an  applica- 
tion of  Dr.  Werner  Siemens,  of  Germany.  Siemens' 
application  was  subsequently  thrown  out  of  the  office, 
and,  after  a  long  and  tedious  litigation,  the  United 
States  Patent  Office  awarded  the  priority  of  inven- 
piSnt'on    tion  to  Field,  and  granted  him  a  patent  for  the  com- 
SSw^^  bination  of  an  electric  motor,  operated  by  means  of 
current  from  a  stationary  source  of  electricity  con- 
ducted through  the  rails.     Long  before  this  award, 
however,  a  consolidation  of  the  Field  and  Edison 
eiSahc      interests  was  effected,  and  a  company,  called  the 
coipTIy    Electric  Railway  Company  of  the  United  States, 
Unhid       was  incorporated  to  exploit  the  patents  of  both  in- 
^^^^^       ventors. 

In  1881,  Field  constructed  and  operated  a  railroad 
at  Stockbridge,  Mass.  In  1883,  ^i^  Electric  Rail- 
way Company  of  the  United  States  constructed  and 
operated  a  railway  at  the  Chicago  Railway  Exposi- 
tion.   The  electric  locomotive  employed  for  this 


HISTORY    OF   TEE   ELECTRIC   STREET   RAILWAY        468 

■work,  called  "The  Judge,"  after  Chief- Justice  Field, 
of  the  United  States  Supreme  Court,  is  shown  inj'^d^j,.. 
Fig.  262.    On  this  railroad  both  generator  and  dy- 
namo consisted  of  the  same  type  of  apparatus :  viz., 
a  shunt-wound  dynamo  of  the  Weston  Company's 
manufacture.     A  central  rail  was  employed  for  con-raiiSi'jfai 
veying  the  current  to  the  motors,  the  tracks  being  RfiF^^^ 
used  for  the  return  circuit.     In  order  to  lessen  the   ""     '^ 
resistance  of  the  tracks,  the  joints  between  succes- 
sive rails  were  bridged  or  bonded  by  conductors 
consisting  of  pieces  of  stout  copper  wire. 


Pic  ifi).— Field'i  Early  Electric  Locomotive— "Tbc  Judge."  > 

In   1881,  Edison  built  a  railroad  track,  about 
half  a  mile  in  length,  near  his  residence  at  Menlog^j^^.^ 
Park,  New  Jersey,  on  which  he  operated  a  car  hyf^'^^ 
an  electric  locomotive,  shown  in  Fig.  263.     Here,  Ji^*^, 
as  in  the  case  of  Field's  locomotive,  both  generator 
and  motor  consisted  of  two  dynamos  of  the  same 
type,  Edison  employing  for  this  purpose  dynamos 
of  his  own  construction.     After  these  early  rail- 
roads, many  others  were  constructed,  both  in  this 
country  and  abroad,  until  improvements  in  the  art 
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had  brot^ht  the  system  of  electric  railroad  prc^l- 
sitm  up  to  the  highly  developed  ctmdition  tlwt  it  is 
in  to-day. 

Rapu  We  have  thus  very  briefly  given  a  few  only  of  the 

S^g'*  facts  connected  with  the  early  history  of  the  electric 


street  railway.  The  growth  of  this  system  of  car 
propulsion  has  been  phenomenally  rapid.  There 
were  no  electric  street  railways  in  commercial  oper- 
ation prior  to  1886.  In  1890,  out  of  the  789  street 
railway  companies  then  doing  business  in  the  United 
States,  144  employed  electric  cars.  Out  of  a  total 
of  32,505  cars,  2,895  were  electrically  propelled. 


HISTORY    OF   TEE  ELECTRIC   STREET  RAILWAY       466 

The  dcctric  cars,  however,  covered,  proporticmately, 
a  greater  extent  of  track  per  car,  the  electric  cars 
running  on  some  1,262  miles  of  track  out  of  the  to- 
tal 8,123  nriles  employed  by  both  systems.  In  1890, 
while  the  number  of  both  horse  cars  and  cable  cars 
in  actual  service  had  markedly  decreased,  the  elec- 
tric cars  showed  a  great  gain.  For  example,  the 
horse  cars  had  decreased  from  a  total  of  22,408  to 
1,489,  cable  cars  from  5,089  to  4,250,  while  electric 
cars  had  increased  to  50,658,  and  the  total  miles  of 
track  to  17,969. 

In  1890,  the  total  capital  and  funded  debt  for  all 
street-car   roads   was   slightly  over  $363,000,000, 
while,  in  1900,  the  total  capital  and  funded  debt 
for  871  railway  systems,  chiefly  electric,  was  slightly pf«^ 
over  $1,800,000,000,  or  five  times  the  figures  of  the  S  rt«St 
previous  decade.     Nevertheless,  on  this  vast  capi-****^^ 
talizatioQ,  there  was  apparently  an  earning  capacity 
of  from  4  per  cent  to  5  per  cent.     The  12th  Census 
of  the  United  States  gives  the  following  interesting 
data  concerning  this  matter : 

"In  the  earlier  days,  such  as  those  of  1890,  a  car 
with  a  pair  of  small  motors  of  15  horse-power  each 
was  well  equipped,  but  it  will  be  noticed  that  the 
average,  per  motor,  in  1900,  is  apparently  over  40 
horse-power,  while  more  motors  were  produced  than  ouotation 
the  new  cars  would  require  if  equipped  with  but  2  staus  Re- 
motors  each.      This  discrepancy  is  explained  not  «th  census 
only  by  the  large  exports  of  electric-railway  appara- 
tus, but  by  the  tendency  to  renew  the  old  motors 
and  increase  steadily  the  capacity  of  the  motors  un- 
der the  newer  cars.     Moreover,  there  was  a  notable 
extension  of  rural  and  elevated  railway  work,  call- 
ing for  heavier  motors,  and  frequently  involving  the 
putting  of  4  motors  under  each  car,  i  on  each  axle. 
Not  included  in  this  report  are  158  electric  locomo- 
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tives,  valued  at  $288,071,  nearly  all  for  mining  pur- 
poses, included  in  the  report  on  locomotives  by  Mr. 
Edward  H.  Sanborn. 

''No  separate  itemization  has  been  made  in  the 
present  report  of  the  dynamos — i.e.,  'generators' 
built  for  street  railway  work,  and  no  attempt  has 
been  made  to  keep  separate  the  supplies  required  by 
this  large  industry.  To  differentiate  between  dy- 
namos built  for  railway  work  and  those  built  for 
Enormous  q^j^^j.  ^ork  is  becomiug  daily  more  difficult,  espe- 
^nSfor  cially  where  all  classes  of  service  depend,  as  they 
tiSiinf*'  now  frequently  do,  upon  the  utilization  of  some  dis- 
tant water-power.  The  requirements  of  the  industry 
are,  however,  enormous,  and  the  data  in  hand  show 
that  in  the  ten  years  bet  wen  1890  and  1900,  the  rail- 
way power  plants  of  the  United  States  had  installed, 
available  for  traction  purposes,  about  1,000,000- 
horse-power  of  dynamos  to  feed  current  to  motor 
cars  of  a  capacity  of  somewhat  over  2,000,000-horse- 
power.  In  the  same  ratio,  the  660,000-horse-power 
produced  in  1899- 1900,  as  shown  by  the  present  fig- 
ures, would  require  about  330,000-horse-powet'  dy- 
namo capacity  in  the  station  plant,  or  a  little  less 
than  half  the  dynamo  production  for  that  period,  as 
shown  by  the  table  of  dynamo  manufacture.  These 
figures  appear  reasonably  consistent  with  the  state 
of  the  electrical  industry  as  gathered  from  observa- 
tion of  its  evolution  and  tendencies." 
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CHAPTER  XXXIII 

THE   ELECTRIC   STREET   RAILWAY 

"During  the  past  few  years  electric  traction  woric  has  been 
passing  through  a  transition  period,  outgrowing  the  restricted 
limits  of  city  surface  traffic  and  encroaching  upon  a  class  of 
work  hitherto  accomplished  with  the  steam  locomotive.  The 
broadening  of  the  electric  traction  field  has  necessitated  con- 
siderable development  in  the  motive  power,  and  the  transmis- 
sion and  collection  of  electrical  energy." — Notes  on  Modern 
Electric  Railway  Practice:  Albert  H.  Armstrong 

IN  the  electric  street  railway  as  it  exists  to-day, 
the  cars  are  propelled  over  a  track  laid  down 
on  the  surface  of  the  street.     The  motors  are 
connected  directly  to  the  driving  axles  of  the  car, 
and  take  the  current  required  to  operate  them  cither 
from  an  overhead  conductor  called  a  trolley  wire,^^^^ 
by  means  of  a  travelling  conductor,  called  a  trolley,  ^^^^ 
or,  from  an  underground  conductor,  by  means  of  ^^^^ 
a  travelling  conductor,  placed  under  the  car  body. 
Sometimes  a  metallic  circuit  is  provided  for  the  re- 
turn of  the  current  to  the  generators  at  the  central 
power-house,  where  the  driving  current  is  produced, 
but  generally,  the  track  and  ground,  aided,  as  a  rule, 
by  return  conductors,  are  employed. 

Within  the  last  few  years  the  size  of  street  cars 
has  greatly  increased.     This  is  especially  the  case, 
both  in  the  interurban  lines,  or  lines  between  neigh-  ^^ter 
boring  cities,  and  in  suburban  lines,  or  lines  at  theSdvinl 
outskirts  of  cities,  where  higher  speeds  and  heavier  ^^i^, 
traffic  have  necessitated  longer  car  bodies.     Conse- 
quently,  more   powerful   motive  power  has   been 


468  ELECTRICITY  IN  E VERT-DAT  LIFE 

required,  both  by  reason  of  the  increase  in  weight 
of  the  cars,  and  the  increase  in  the  speed  at  which 
they  travel  in  the  less  crowded  parts  of  the  city. 
SSd^four-  Moreover,  in  electric  systems  the  stoppages  are  more 
^u%meiit  frequent  than  in  the  case  of  steam  roads,  so  that  the 
ability  to  attain  a  high  speed  very  soon  after  start- 
ing adds  an  additional  need  for  a  greater  driving 
power.  By  reason  of  all  these  demands  on  the  driv- 
ing power,  it  is  now  very  common  to  install  four 
separate  electric  motors  on  each  car  truck,  each 
motor  being  directly  connected  to  a  car  axle,  as 
shown  in  Fig.  264,  which  represents  a  double  car- 
truck  with  an  equipment  of  four  separate  electric 
motors,  one  of  which  is  directly  connected  to  each 
car  axle. 


Car  trucks 


Pig.  364.— Double  Electric  Car  Trucks,  with  Pour- motor  Equipment.     Note 
here  that  a  separate  motor  is  provided  for  each  car  axle. 


The  body  of  the  street  car  is  supported  on  what 
is  called  a  car  truck.     Sometimes  a  single  truck  is 


and  car  used,  provided  with  two  separate  axles.  Now,  how- 
ever, this  is  almost  entirely  replaced  by  two  sepa- 
rate trucks,  one  at  each  end  of  the  car.  In  such 
cases,  the  car  is  supported  on  a  swivel  centre  on 
each  truck.  Sometimes,  indeed,  three  trucks  are 
employed,  the  centre  truck  being  movable.  This  is 
specially  applicable  in  the  case  of  long,  rapid-run- 
ning cars.  In  such  case  the  car  body  is  supported 
on  the  centres  of  the  end  trucks,  so  as  to  be  able 
to  readily  turn  on  them,  the  centre  truck  being  car- 
ried between  them. 

A  modern  form  of  electric  street  car,  with  the  car 
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body  mounted  on  a  double  truck,  and  provided  with 
a  4-motor  equipment,  is  shown  in  Fig.  265.  This 
car  is  of  the  type  in  which  the  driving  current  is 
taken  from  an  overhead  trolley  wire  or  conductor  JJS^ftow 
by  means  of  the  well-known  trolley  pole,  and  is  one""***"' 
of  the  cars  employed  by  the  International  Traction 
Company,  at  Buffalo,  New  York.  The  total  weight 
of  the  car  body,  iiKluding  the  trucks  and  the  four 
separate  motors,  is  44,400  lb.  Each  motor  weighs 
2,100  lb.,  so  that  some  8,400  lb.  of  the-  total  weight 
comes  from  the  motors  alone.    Although,  as  in  the 


Fig.  iGi.— Electric  SLr«t  Car  v, 


case  of  all  locomotors,  or  travelling  motors,  it  is 
desirable,  for  the  purposes  of  economy,  to  reduce  Cert»iB 
as  far  as  possible  tiie  weight  of  the  motor  and  car.^Be™*. 
yet,  as  is  well  known,  a  certain  weight  is  necessary  SSb^'ui 
in  order  to  obtain  sufficient  adhesion  of  the  car  to 
the  track  to  readily  permit  the  speed  to  rapidly  run 
up  on  starting  over  slippery  rails  covered  with  ice 
or  snow.     Within  reasonable  limits,  therefore,  an 
increase  in  the  weight  of  a  car,  so  far  from  being' 
objectionable,  is  necessary  tor  proper  operation. 


.-noi-rv  1 
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Sometimes,  instead  of  employing  four  separate 
motors,  two  larger  motors  are  used,  having  the 
same  aggregate  horse-power.  An  advantage  is 
thus  gained  in  a  smaller  aggregate  weight;  i.e., 
7.330  lb.  for  the  two  motors,  as  against  the  8,400 
lb.  for  the  four  motors,  and  also  a  slight  economy  in 
the  driving  power,  the  efficiency  of  the  two  motors 
being  87  per  cent  as  against  84  per  cent  in  the  case 
of  the  four  motors.  But  notwithstanding  these  ad- 
vantages, the  greater  advantage  of  enabling  the  car 
to  rapidly  gain  its  full  speed,  after  stoppages,  more 
than  compensates  for  the  small  loss  of  power.  More- 
over, the  four  separate  motors,  owing  to  the  fact  of 
their  greater  radiating  surface,  tend  to  heat  much 
less  than  two  motors.  The  total  horse-power  of  the 
four-motor  equipment  represented  in  the  preceding 
figures  is  150  horse-power. 


Fig.  .66.— lUiliras'  Motor  and  Gear  Caw,  WesllnehouK  Company's  Typt, 

A  street-car  motor  is  always  series-wound,  and  is 
generally  of  the  quadripolar  type,  that  is,  employs 
four  separate  magnet  poles  for  its  field.  Since  the 
miSni-  electric  motor  is  hung  beneath  the  car  body,  where 
a  comparatively  small  space  is  allotted  it,  the  field 
magnets  are  made  as  short  as  possible,  and  have 
their  cores  formed  of  steel  in  place  of  cast-inxi. 
Car  motors  are  necessarily  exposed  to  the  dust  and 
mud  from  the  street.  They  are  therefore  provided 
with  a  dust  and  mud  proof  case,  as  shown  in  the 
case  of  a  car  motor  of  the  Westinghouse  Company's 
^e  represented  in  Fig.  266.     Here  the  mc^r  is 
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contained  within  the  case  represented  at  the  right- 
hand  side  of  the  figure,  the  smaller  case  at  the  left- 
hand  side  being  the  gear  case.     The  same  motor, 
with  a  part  of  its  field  lowered  so  as  to  permit  the 
removal  of  the  armature,  is  shown  in  Fig.  267. 
Here  the  pinion,  the  name  given  to  the  toothed 
wheel  connected  directly  with  the  armature  shaft,  Sw^^iih 
is  seen  in  the  lower  part  of  the  figure,  while  the  gear  ™«ei3" 
that  engages  with  the  pinion,  when  the  motor  is  jn"™"*'' 
a  position  for  operating,  is  seen  in  the  upper  part  of 
the  figure.    A  portion  of  each  of  the  two  field-mag- 
net poles  is  seen  in  the  lower  part  of  the  figure,  to- 


Fic.  i«7.— Motor  ol  Figure  9«fi,  wlLh  one-lulf  at  field  lowered  ior  removm 

gether  with  the  annmutator,  which,  in  this  case, 
contains  more  than  100  separate  segments,  and  is 
provided  with  carbon  brushes  not  here  shown. 

In  order  to  ensure  the  uniform,  steady  running 
of  the  car,  the  wheels  are  always  made  with  their 
tread  or  running  faces  of  chilled  or  hardened  steel, 
so  as  to  increase  their  wearing  resistance.  TheS^d«tric 
wheels  are  provided  with  brakes,  operated  either  by 
hand  or  by  means  of  compressed  air.  The  com- 
pressed air  for  this  purpose  is  contained  within  a 
strong  metallic  cylinder,  placed  below  the  car  body, 
being  forced  into  th»  cyHnder  by  the  acticHi  of  an 


Sand  box. 
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electrically  driven  pump.  This  pump  can  often  be 
heard  operating  when  the  car  has  come  to  rest.  The 
electric  motor  which  drives  the  pump  is  automati- 
cally thrown  on,  and  removed  from  the  pump  as 
socMi  as  the  air  pressure  has  reached  certain  prede- 
termined limits.  Sometimes  a  system  of  electro- 
magnetic brakes  is  employed.  The  system  of  pneu- 
matic brakes,  however,  gives  very  satisfactory  ser- 
vice. 

In  order  to  ensure  the  adhesion  of  the  car  wheds 
to  the  tracks  during  wet  weather,  especially  when 
these  are  covered  with  ice  or  snow,  a  small  quantity 
of  sand  is  poured- over  the  track  from  a  box  called 
the  sand  box,  placed  where  it  is  readily  controlled  by 
the  motorman.  When  the  car"  wheels  do  not  prop- 
erly adhere  to  the  brake,  and  thus  slip  or  slide  over 
the  track,  unless  the  tread  of  the  wheel  has  been 
properly  chilled,  the  wheel  is  apt  to  flatten  at  one 
Flat  wheels  or  morc  places.  In  this  way  a  very  unpleasant 
jarring  motion  occurs  at  regular  intervals.  Unfor- 
timately,  when  a  wheel  once  becomes  flattened,  the 
amount  of  flattening  tends  to  increase  rather  than  to 
decrease. 

We  will  now  examme  m  some  little  detail  the 
manner  in  which  the  motorman  placed  on  the  front 
SStroUer.  platform  of  the  car  is  enabled  to  start  or  stop  the 
car,  to  change  the  direction  of  its  motion,  as  well  as 
to  vary  the  speed  at  which  it  is  moving.  This  is 
done  by  the  use  of  a  device  called  the  series-parallel 
controller,  placed  on  the  left-hand  side  of  the  car 
platform,  as  shown  at  A,  Fig.  268.  Here  the  motor- 
man  stands  with  his  right  hand  on  the  handle  of  a 
hand  brake,  H,  and  with  his  left  on  the  handle  of 
the  controller.  The  series-parallel  controller  consists 
of  a  complex  form  of  switch,  by  means  of  which 
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electric  connecticMis  or  disconnections  are  made  by 
■which  it  is  possible  to  start  and  stop  the  car,  to  re- 
verse its  direction,  or  to  alter  its  speed. 


Fic.  aOB.— Car  Veitlbule,  ihowing  ptnitioa  ol  Kiies-parilld  controll*!*. 

If  the  front  case  of  such  a  controller  is  opened, 
the  inside  will  appear  as  shown  in  Fig.  269,  which 


Fic.  169,— Details  ol  Sciiei-paiallel  Car  CoDlrollcr. 

represents  a  series-parallel  controller  suitable  for  a 
car  equipped  With  two  separate  electric  motors. 
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By  turning  the  switch  handle  J  placed  in  the  upper 
part  of  the  figure,  the  circuits,  both  of  the  separate 
motors  and  a  number  of  resistances  connected  with 
them,  are  so  varied  as  to  cause  the  speed  of  rotation 
and  the  power  developed  to  gradually  increase  as 
the  switch  handle  is  moved  over  the  top  of  the  con- 
troller box  from  its  position  of  rest  to  its  furthest 
possible  position,  and  to  successively  decrease  such 
speed  and  the  amount  of  power  developed,  as  the 
controller  handle  is  moved  in  the  opposite  direction. 


Actiofiof 
tbeconp 


The  amount  of  movement  which  it  is  necessary  to 
give  the  switch  handle  in  order  to  ensure  certain 
combinations  of  motors  and  resistance  coils  is  indi- 
cated by  notdies  placed  at  the  top  of  the  controller 
box.  As  the  handle  is  turned,  metallic  contacts 
placed  on  the  vertical  rod  connected  with  the  switch 
handle  are  brought  into  electric  connectioo  with 
other  metallic  contact  pieces,  and  so  the  different 
t?oiS«it-  combinations  are  effected.  Without  attempting  to 
**"***•  enter  into  a  description  of  this  somewhat  complex 
series  of  connections  and  disconnections,  it  will  suf- 
fice to  say  that,  as  the  switdi  handle  is  moved 
further  and  further  from  its  position  of  rest,  the 
motors  are  first  connected  in  series  with  the  resist- 
ance coils  and  with  each  other;  then  these  resistance 
coils  are  gradually  cut  out  from  the  circuit  of  the 
motors;  the  motors  are  then  connected  in  parallel 
with  each  other,  and  with  means  for  varying  the 
strength  of  their  fields. 


Since  the  strength  of  the  current  employed  for 

Magnetic    driving  strcct-cars  is  fairly  great,  there  is  a  tendency 

of*S?Sn-  for  powerful  arcs  to  be  formed  between  the  various 

°  ^'       contact  pieces  on  breaking  the  circuit.     In  order  to 

prevent  these  arcs  from  injuring  the  controller  box 

by  burning  out  its  contacts,  an  ingenioos  applica- 
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tion  has  been  made  of  magnetically  blowing  out  the 
arc  as  soon  as  it  is  formed,  by  the  flux  that  is 
produced  by  an  electro-magnet  whose  coils  are  trav- 
ersed by  the  current  that  is  endeavoring  to  main- 
tain the  arc.  In  this  way  it  is  impossible  for 
dangerous  arcs  to  be  maintained,  except  mo- 
mentarily. 

The  switches  placed  at  the  bottom  of  the  con- 
troller are  provided  for  cutting  out  one  of  the 


motors. 


Fig.  370.— Bracket  Supports  for  Single-track  Road. 

motors  on  the  car  in  case  it  should  become  acci- 
dentally injured.  The  small  switch  handle  K  placed  fjJ^cSSSct- 
at  the  right-hand  side  of  the  controller  box  is  for  coS^aiJ*^ 
the  purpose  of  reversing  the  direction  of  current 
through  the  motor  armatures,  thus  changing  the  di- 
rection of  rotation,  and,  consequently,  the  direction 
in  which  the  car  is  driven. 

There  is  generally  provided  on  the  trolley  wires 
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of  Street-car  Knes  a  contintrous  dectric  prcsstrre  of 
500  volts.  We  will  now  briefly  examine  the  con^ 
ductors  by  means  of  whidi  this  pressure  sends  an 
troii^^^  electric  current  through  the  motors,  and  thus  drives 
the  car.  In  the  overhead  trolley  line,  the  troHey 
wire  or  conductor  is  suspended  over  the  street  or 
road-bed  immediately  above  the  track.  This  sus- 
pension is  effected  by  suitable  supports  placed  either 
on  iron  or  on  wooden  poles. 

Where  a  single  pole  is  employed  the  wire  is  sus- 
pended by  means  of  brackets.    Where  only  a  single 


Pig.  a7x.— Bracket  Supports  for  Double-track  Road. 


track  is  used  the  pole  P  is  placed  on  the  side  of  the 
track,  so  that  the  arm  A  may  project  over  the  centre 
of  the  track,  as  shown  in  Fig.  270.  Where  a  double- 
track  road  is  to  be  provided  with  trolley  wires,  the 
poles  are  provided  with  two  separate  bracket  arms, 
B,  B,  each  of  which  carries  a  troHey  wire  (Fig.  271), 
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suitaUy  insulated  from  the  poles  by  means  of  insu- 
lators pbced  at  n,  n. 

In  the  ^an-wire  system  of  suspension,  the  poles 
are  placed  directly  (^posit^  one  another  on  opposite 
3i^s  of  the  street  or  Foad,  as  rfiown  in  Rg.  a/*, 
at  P,  P,  and  the  span-wir^  S,  S,  S,  of  iron  or  steel, 
is  extended  frwn  one  pole  to  tlie  other.  Insulators 
n,  n,  are  provided  for  the  support  of  the  trolley 
wires-  where  two  trades  are  empfoyerf,  or  a  single 


insulator  where  there  is  but  a  single  track.  The 
span-wires  are  attached  to  the  poles  t^  means  of 
suitably  shaped  iron  clamps. 

Since  the  trolley  wires  are  bare  or  uninsuiate^ 
should  a  telegraph  or  telephone  wire,  which  is  also 
bare,  accidentally  fall,  and  come  into  contact  with 
the  trolley  wire,  dangerous  fires  may  be  caused  by^i^^^ 
currents  sent  through  the  telegraph  or  telephone  ome'^^ 
wires.    For  the  same  reason,  should  high  pressure"'"' 
electric  light  or  power  wires  come  into  contact  with 
the  bare  trolley  wire,  a  dangerous  current  may  thus 
be  sent  into  the  car.    In  order  to  avoid  both  of  these 
dangers,  wires  called  guard  wires  arc  employed. 
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These  are  of  two  different  kinds;  viz.,  span  guard 
wires,  extending  across  the  street  from  pole  to  pole 
immediately  above  the  trolley  wire,  and  running 
guard  wires,  extending  parallel  with  and  immedi- 
ately above  the  trolley  wires.  Both  of  these  guard 
wires  are  necessary.  When  properly  placed,  they 
practically  remove  all  dangers  of  accidental  con- 
tact with  the  bare  trolley  wire. 

Since,  as  wc  have  seen,  the  trolley  wire  bears  a 
constant  pressure  of  500  volts,  it  might,  in  most 
cases,  send  a  powerful  current  through  telephone 
dilgcra*  or  telegraph  wires  that  accidentally  came  in  contact 
ky'^US  with  it.  So  far  as  human  life  is  concerned,  it  has 
been  found  that  a  constant  pressure  of  500  volts  can, 
in  the  majority  of  cases,  be  safely  borne  by  the  hu- 
man body,  although,  in  some  cases,  death  has  en- 
sued from  accidental  contact  with  a  live  trolley  wire. 
In  streets  where  trolley  wires  are  placed  near  wires 
carrying  the  dangerous  arc  currents,  or  transmit- 
ting alternating  currents,  the  contact  of  a  trolley- 
wire  with  such  conductors  might  readily  produce 
instant  death  to  people  touching  it.  So  far  as  acci- 
dental contact  with  an  ordinary  live  trolley  wire  by 
a  horse  is  concerned,  death  is  generally  produced 
whytroi-  by  a  full  discharge  of  the  current  through  the  ani- 
ISfi  hS^°!*  mal.  This  is,  probably,  due  to  the  fact  that  the  iron 
shoes,  placed  on  the  feet  of  the  horse,  have  removed 
the  protection  which  nature  has  given  the  animal  in 
its  non-conducting  hoofs ;  for,  the  iron  shoes,  pene- 
trated as  they  are  by  wrought-iron  nails,  convey  the 
dangerous  current  directly  into  the  body  of  the 
animal.  In  this  manner  the  animal  receives  a  fatal 
current. 

In  order  to  protect  the  motors  and  other  electric 
appliances  on  tiie  car  from  lightning  strokes^  some 
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fonn  of  lightning^  arrester  is  employed.  These  ar- 
resters are  made  of  varioos  forms,  and  ctmsist  gen- 
erally of  derices  by  means  of  whkh  the  high  tension  ^n^n 
discliarge  from  the  cloods  can  pass  safely  to*  the 
groond  through  a  path  whose  resistance  is  too  high 
to  permit  its  being  traversed  by  the  working  cur- 
roit 

The  trolley  nnchanism  for  transmitting'  carnxA 
from  the  trolley  wire  to  the  car  varies  according  to 


the  character  of  the  system.  In  a  single  trolley 
system,  where  the  track  and  the  ground  are  used  for  J^h^i 
tfie  return  circuit,  either  with  or  without  regular 
return  conductors,  the  trolley  mechanism  consists 
of  the  following  well-known  parts;  viz.,  the  trolley 
wheel,  the  trolley  pole,  the  trolley  base,  and  the  trd- 
ley  rope.  These  parts  are  shown  attached  to  a  street- 
car in  Fig.  273.    The  trolley  pole  consists  generally  - 
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of  a  Steel  tube,  tapering  from  the  bottom  toward  the 
top.  This  pole  is  mounted  at  its  lower  end  on  a 
trolley  frame  or  base,  one  of  the  many  forms  of 
which  is  shown  in  Fig.  274.  Here  springs,  G,  are 
so  connected  between  the  base  and  the  pole  as  to 
exert  a  pull  against  the  trolley  pole,  by  means  of 
which  the  trolley  wheel  is  maintained  in  a  firm  pres- 
sure against  the  overhead  wire  or  conductor.  The 
pole  and  trolley  base  are  supported,  as  shown,  on  a 
vertical  axis,  V,  so  as  to  permit  a  revolution  about 
its  axis,  thus  allowing  the  trolley  wheel  to  turn  at 
curves  and  so  follow  the  trolley  wire,  as  well  as  to 


permit  the  entire  trolley  mechanism  to  be  reversed 
when  it  is  desired  to  change  the  direction  in  which 
the  car  is  to  be  moved. 

The  trolley  wheel  T  is  made  of  gun  metal,  or 
other  hard  wearing  metal,  and  is  so  supported  as  to 
SiSSST*  be  capable  of  freely  rotating  as  it  is  carried  for- 
wheS  ward  by  the  movement  of  the  car.  This  wheel,  as 
is  well  known,  is  caused  to  press  against  the  under 
surface  of  the  trolley  wire,  and  to  carry  off  current 
from  it  through  the  conducting  pole,  and  thence,  by 
conductors  in  the  body  of  the  car,  to  the  motors, 
lamps,  heaters,  etc.  The  trolley  wheel  is  deeply 
grooved,  both  for  the  purpose  of  ensuring  a  greater 
contact  with  the  surface  of  the  trolley  wire  as  it 
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rolls  under  it,  and  for  the  purpose  of  preventing 
the  trolley  wheel  from  being  thrown  off  the  trolley 
wire  or  conductor.     It  is  found  in  practice  by  no 
means  an  easy  problem  to  ensure  the  continued  Soik^to 
ccKitact  of  the  trolley  wheel  with  the  trolley  wire,  {Sfiowcr 
the  wheel,  under  certain  circumstances,  being  fre-^[^u2^ 
quently  thrown  off  the  wire.     It  is  dirough  the^^- 
trolley  base,  by  means  of  the  flexible  contact  it 
ensures  between  the  trolley  wheel  and  the  trolley 
wire,  as  well  as  the  flexibility  ensured  to  the  over- 
head wire  or  conductor  by  the  means  employed  for 
its  support  over  the  street  or  roadway,  that  a  con- 
tinuous contact  is  ensured  between  the  wheel  andrroiiey 
the  trolley  wire.     The  trolley  rope  r.  Fig.  273,  is  for  '°^ 
the  purpose  of  drawing  away  the  trolley  pole  from 
the  wire  when  it  is  desired  to  reverse  the  direction 
of  the  car. 

In  most  cases  the  trolley  mechanism  is  designed 
so  as  to  permit  the  pole  to  automatically  adjust  it- 
self to  the  varying  height  of  the  trolley  wire  above 
the  top  of  the  car.  In  cases  where  very  powerful 
electric  currents  are  employed  for  driving  the  mo-Douwe 
tors,  as  is  the  case  with  many  electric  locomotives,  iJSSS. 
as  well  as  in  some  other  instances,  a  double  trolley 
system  is  employed.  In  this  case  two  separate  con- 
ductors or  trolley  wires  are  placed  over  the  roadbed, 
and  two  separate  trolley  poles  and  wheels  employed. 
One  of  these  conductors  carries  the  current  to  one 
of  the  poles,  and  the  other  carries  it  back  to  the 
power-house,  after  it  has  passed  through  the  motors 
and  other  devices  on  the  locomotive  or  car. 


The  overhead  system  is  objectionable  in  some 
cases  by  reason  of  the  very  great  number  of  switches  rumSngr 
that  exist  in  the  district  over  which  the  car  is  to  system, 
run;  or  the  district  is  one  in  which  legislation  has 
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forbidden  the  use  of  overhead  wires.  In  such  cases 
various  expedients  are  adopted  to  obtain  the  current 
by  other  means.  One  of  these  consists  in  the  under- 
running  trolley.  Here  a  trolley  wire  or  conductor 
is  placed  in  a  conduit  beneath  the  centre  of  the  car 
track,  and  a  travelling  contact,  called  the  shoe,  some- 
what similar  to  the  trolley  wheel,  is  connected  with 
a  conductor  that  passes  through  a  slot  in  the  road- 
bed, and  carries  the  current  taken  off  from  the  un- 
derground conductor  by  the  shoe  to  the  motors  in 
the  car. 


In  some  cases  a  system,  called  the  third-rail  sys- 
tem, is  employed  for  the  collection  of  the  current  by 
The  third-  the  travelling  motor.  This  third  rail  is  placed  be- 
^cS."*^  tween  tlie  regular  tracks,  and  a  cast-iron  contact  shoe 
is  employed  as  a  travelling  contact  to  take  the  cur- 
rent from  the  rail  as  it  is  carried  over  it  by  the 
movement  of  the  car.  Here  the  regular  tracks  are 
generally  employed  as  the  return  circuit.  Where  the 
third  rail  system  is  employed  in  places  like  elevated 
railroad  tracks  or  on  private  grounds,  to  which  the 
public  have  no  access,  all  three  tracks  are  in  what 
is  called  a  "live"  condition,  that  is,  are  traversed  at 
all  times  by  electric  current.  In  some  cases,  how- 
ever, a  system  is  adopted  by  means  of  which  only 
that  part  of  the  track  which  lies  beneath  the  train 
is  automatically  rendered  active  by  the  passage  of 
the  train  over  it.  Such  a  system  is  called  the  electro- 
magnetic system.  Here  the  motor  is  supplied  with 
current  by  a  number  of  cast-iron  contact-buttons, 
connected  through  electro-magnetic  switches  im- 
bedded in  the  car  track,  with  a  feeder-cable  laid  on 
one  side  of  the  track.  Only  those  contact-buttons 
which  lie  directly  beneath  the  locomotive  are  active; 
the  rest  are  dead,  so  that  it  is  impossible  for  any  one 
to  receive  a  shock  from  contact  with  the  conductor. 


Electro- 
magnetic 
contact 
system. 
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The  trolley  wire  generally  employed  for  rail- 
roads using  SCO  volts  pressure  is  of  the  size  known 
as  No.  o,  of  the  American  wire  gauge.  This  wire  u^Vi^  ^"^ 
is  approximately  ^  of  an  inch  in  diameter.  It  is 
generally  made  of  hard  drawn  copper  wire,  so  that 
the  amount  of  sag,  being  small,  will  permit  compara- 
tively long  spans  to  be  employed  between  adjacent 
supports. 

In  order  to  decrease  the  amount  of  wire  necessary 
to  be  employed  in  trolley  conductors,  a  system  of 
feeders  is  necessary,  as  in  the  system  of  the  distribu-  f^^erl 
tion  of  current  over  constant-potential  mains  for 
feeding  incandescent  lamps.  In  the  trolley  car  feeder 
system,  as  shown  in  Fig.  275,  separate  conductors. 


Fig.  975.— Feeder  System  for  Electric  Street  Cart. 

Fi,  Fg,  Fg,  F4,  are  connected  with  the  trolley  wire 
at  different  distances  from  the  power-house.  In 
such  a  case,  the  current  required  to  supply  the  car  ^^^^^ 
C,  at  some  distant  point  of  the  track,  is,  in  all  prob-  points- 
ability,  furnished  mainly  by  the  feeder  GFi,  the  rest 
of  the  feeders  being  comparatively  idle  so  far  as  this 
car's  supply  of  oirrent  is  concerned.  The  points 
Fi,  F2,  Fg,  F4,  where  the  feeding  wires  are  con- 
nected with  the  trolley  wires,  are  called  the  feeding 
points.  In  rural  districts,  the  feeding  wires  are  gen- 
erally carried  on  overhead  poles,  and  within  the  city 
limits  in  underground  conductors.  Feeding  wires 
are  necessarily  heavy  conductors,  so  that  their  loca- 
tion overhead  is  very  unsightly  and  highly  objec- 
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a  metal  piece,  suitably  placed  in  the  position  of  the 
ordinary  fish  plate. 

The  necessity  for  obtaining  a  good  electric  con- 
nection between  the  ends  of  the  rails,  and  thus  en- 
suring a  practically  continuous  ground  return  of  the 
IS^SS!'' circuit,  not  only  arises  from  the  required  economy 
,  of  working,  which  demands  as  small  a  resistance  of 
the  return  circuit  as  possible,  but  is  also  necessary 
for  the  purpose  of  avoiding  a  tendency  to  destroy 
neighboring  gas  and  water  pipes  by  a  process  known 
as  electrolytic  corrosion.  The  amount  of  this  cor- 
rosion can  be  rendered  practically  insignificant  by 
ensurii^  a  good  electric  ground  return,  and  this  a 
good  bonding  system  does. 


The  street-car  system  now  in  general  use  requires 
J     a  large  amount  of  electricity  to  drive  the  cars.     In 
'*'*■  other  words,  the  output  of  the  central  power  sta- 
tions, where  such  current  is  generated,  must  neces- 
sarily be  very  large.     This  current  is  produced  by 
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Specially  designed  and  constructed  dynamos  or  gen- 
erators, called  street  railway  generators.  In  all 
large  stations,  a  number  of  large  generators  are 
required.  A  street  railway  generator,  of  the  West- 
inghouse  CcMnpany's  type,  of  fairly  large  size,  is 
shown  in  Fig.  277.  This  generator  is  of  the  direct- 
connected  type,  and  is  compound-wound,  being  over 
compounded,  so  that  the  potential  at  its  terminals 
increases  about  10  per  cent  from  no  load  to  full 
load.  The  shunt  and  series  coils  are  separately 
wound,  so  that  they  can  be  readily  removed. 


8 

Pic.  378.-~Connectioiia  of  Generators  to  Bus-burs  tAd  Feeders  at 

Central  Power-house. 


The  separate  generators  of  the  power-house  are 
connected  at  the  switchboard  to  two  main  conduc- 
tors, called  bus-bars.      This  is  seen  in  Fig.  278,  co°oj^J}o'» 
where,  for  purposes  of  simplicity,  only  the  bus-bars  ^^^^ 
and  the  connecting  switches  are  shown.     Here,  ^^^^^^^x^ 
will  be  seen,  three  generators  are  placed  in  multiple  s^^ion.  ^ 
between  the  bus-bars  B  B,  and  B'  B'.    As  the  load  on 
the  station  increases,  the  different  generators  can  be 
connected  to  the  bus-bars  by  means  of  the  switches 
shown  at  Si,  S2,  Sg.    The  bus-bar  BB  is  connected 
with  the  feeders  at  F,  while  the  bus-bar  B'B'  is 
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connected  with  the  track  and  the  ground-retam  cir- 
cuit as  shown. 

As  is  well  known,  the  heating  and  lighting  cur- 
Biectric  ^^^^^  for  ^he  car  is  taken  from  the  trolley  wire.  The 
car  heaters,  ^ectric  CEf  hcatCTS  are  generally  placed  on  the  side 
of  the  riser  below  the  car  seat,  a  number  of  separate 
heaters  being  employed  on  each  side  of  the  car.  In 
order  to  ensure  a  proper  ventilation,  the  air  that 
passes  through  the  electric  heater  should  be  taken 
from  outside  the  car. 

The    incandescent    electric    lamps    employed   on 
street  cars  are  of  the  particular  railway  type  al- 
streetrsdi-  ready  described,  being  carefully  anchored  to  pre- 
d2?«St*"'  vent  breakage  of  the  filaments  from  the  jarring  and 
fiSS*^      jolting  to  which  they  are  exposed.     As  the  electric    . 
pressure  on  the  trolley  wires  is  generally  in  the 
neighborhood  of  500  volts,  these  lamps  are  placed 
across  the  mains  in  series,  i.^.,  to  conductors  con- 
nected with  the  trolley  wire  and  the  track  respec- 
tively, the  number  of  such  series-connected  lamps 
depending  on  the  particular  voltage  employed  in 
the  lamp.    Switches,  placed  in  convenient  positions 
in  the  car,  enable  the  lamps  to  be  readily  turned 
on  or  off. 

There  is  generally  placed  on  every  street-car  a 
switch,  called  the  canopy  switch,  which  is  provided 
s41tS^  for  the  purpose  of  enabling  the  current  to  be  shut 
off  from  the  car  in  case  of  accident.  In  some  car 
systems,  this  switch  is  replaced  by  an  automatic  elec- 
tro-magnetic circuit-breaker,  by  means  of  which, 
should  a  current  attempt  to  pass  through  the  motors 
stronger  than  they  are  capable  of  bearing,  an  elec- 
tro-magnet releases  the  switch  handle,  and  thus 
cuts  the  current  off  from  the  car,  in  which  case  the 
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conductor  or  motonnan  is  able  to  at  once  turn  it  on 
again  by  resetting  the  switch.    This  switch  is  always  l^^f^SE^ 
provided  with  a  magnetic  blow-out,  for  the  purpose  ^Sto. 
of  preventing  the  maintenance  of  a  dangerous  arc. 

We  have  thus  briefly  treated  of  some  only  of  the 
conveniences  that  are  found  on  the  ordinary  elec- 
tric street  car.  Enough  has  been  said,  however,  to 
show  how  great  an  improvement  this  system  of 
transportation  is  over  any  of  the  old  methods  em-mara!^ 
ployed  for  carrying  passengers  from  one  part  of  a^*^"*'*^ 
city  to  another.  In  some  cars,  a  system  of  an  elec- 
tro-magnetic call  bell,  operated  by  push  buttcxis 
placed  in  convenient  positions  alongside  the  seats, 
has  been  introduced,  for  the  purpose  of  calling  the 
attention  of  the  motorman  or  conductor  to  the  de- 
sire of  a  passenger  to  have  the  car  stx>p. 


Vok  1I.-22 
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CHAPTER  XXXIV 


ELECTRIC    LOCOMOTIVES 

"On  many  of  the  large  steam  railroad  systems  in  the  United 
States,  there  are  certain  sections  which  present  the  most  favor- 
able conditions  for  the  substitution  of  electricity  for  steam 
as  a  motive  power.  These  conditions  are  the  result  of  in-, 
creasing  density  of  population,  and  mean  that  better  and 
cheaper  transportation  facilities  are  needed  by  the  public  than 
arc  provided  by  the  steam  road." — Notes  on  Electric  Traction 
under  Steam  Railway  Conditions:  Edward  C.  Boykton 

TRICTLY  speaking,  an  electric  locomotive  is 
a  movable  electric  motor,  or  locomotor,  and 
this  is  true  whether  such  motor  be  placed  on 
a  structure  resembling  the  ordinary  locomotive,  on 
a  street  car,  or  on  a  boat.  Generally  speaking,  how- 
SSSJtive  ever,  by  an  electric  locomotive  is  meant  a  structure 
foromotort.  driven  by  electric  motors,  that  is  intended  for  draw- 
ing a  train  of  cars,  employed  for  the  transportation 
either  of  freight  or  passenger  cars.  In  addition  to 
the  above,  electric  locomotives  are  very  generally 
employed  on  short  lines  of  railroad  for  switching 
purposes  at  the  terminals  of  the  road.  They  are  also 
extensively  used  in  various  industrial  establishments, 
such  as  steel  plants,  lumber  mills,  iron  furnaces,  and 
other  similar  localities,  for  general  hauling  purposes. 

Electric  locomotives  are  especially  serviceable  in 
Where       railroad  tunnels,  where  the  smoke  or  steam  escaping 
locomo-      from  a  steam  locomotive  would  render  the  confined 
especially   air  of  the  tuuncl  unfit  to  breathe,  and,  in  all  prob- 
ability, would  greatly  increase  the  mortality  in  case 
of  accidents  occurring  in  the  tunnel.     They  are  read- 
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\\y  employed  in  districts  where  water  power  is  abun- 
dant, on  account  of  the  ease  with  which  electric 
power  can  be  distributed ;  for,  here,  a  single  generat- 
ing station  can  readily  be  employed  to  furnish  the 
current  necessary  to  drive  a  number  of  separate 
electric  locomotives. 

Generally  speaking,  an  electric  locomotive,  capa- 
ble of  drawing  a  ^ven  load  over  a  trade,  can  be 
built  of  much  smaller  weight  than  can  a  steam  loco- 
motive, ivhidi  must  carry  its  engines,  coal,  water  s„ 
supply,  and  boilers.  A  marked  advantage  arising™ 
from  the  employment  of  electric  locomotives  lies  in 
the  fact  that  they  are  less  apt  to  cause  fires  in  sur- 
rounding property  than  steam  locomotives.  This  is 
of  considerable  value  in  the  case  of  such  locations  as 
lumber  mills,  plantations,  oil  refineries,  or  similar 
locations  where  fire  risks  are  great. 


In  Fig.  279,  is  shown  an  electric  locomotive,  con- 
structed by  tiie  General  Electric  Company  for  the 
Baltimore  &  Ohio  Railroad.  This  loccwnotive  is 
represented  as  drawii^  the  Royal  Blue  express  train, 
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a  heavy,  first-class  passenger  train,  out  of  the  tunnel. 
This  particular  locomotive  is  one  of  the  largest  in 
the  world,  and  is  equipped  with  4  gearless,  360 
horse-power,  sextipolar  motors.  This  locomotive 
can  readily  haul  trains  weighing,  approximately, 
1,900  tons,  on  an  8  per  cent  grade.  Although  only 
designed  for  hauling,  yet  it  was  able,  on  one  occa- 
sion, to  attain,  without  any  load,  a  speed  of  60  miles 
an  hour. 


The  possibility  of  placing  the  electric  driving 
motors  in  a  very  small  space  renders  it  easy  to  give 
to  the  electric  locomotive  a  compactness  that  would 
be  impossible  in  the  case  of  the  steam  locomotive. 
-  This  compactness  renders  the  electric  locomotive 
especially  serviceable  for  hauling  cars  in  spaces 
where  the  height  is  limited,  as  in  the  tunnels  of 
mines.  This  is  shown  in  Fig.  280,  in  the  case  of 
the  locomotive  employed  by  the  Tennessee  Copper 
Company.  This  locomotive  is  employed  for  charg- 
ing furnaces  and  handling  slag  cars  on  a  dump. 
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For  heavy  haulage,  the  electric  locomotive  is  gen- 
erally equipped  with  powerful  air  brakes,  for  the 
sudden  stoppage  of  the  train  when  so  required.  The 
air  for  this  purpose  is  contained  in  a  metallic  cylin-  ^ 
der  placed  underneath  the  car,  the  air  being  forced 
into  the  cylinder  by  the  action  of  an  dectric  motor. 
The  brake  is  applied  to  the  tread  of  the  wheel  by 
means  of  the  well-known  form  of  pneumatic  brake. 

As  in  the  case  of  the  electric  street  car,  the  motors 
of  the  electric  locomotive  are  controlled  either  by 
tiie  aid  of  a  series-parallel  controller  of  the  type  al- 
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ready  explained  in  connection  with  electric  street 
cars,  or  by  a  rheostatic  control,  through  the  aid 
of  which  the  motors,  permanently  in  parallel,  mayUmtj 
be  connected  in  series  with  resistances.  These  re-j^J;^^^ 
sistances  are  gradually  cut  out  of  the  circuit  by  the 
movements  of  the  controller  handle.  Various  speeds 
are  obtained  by  varying  the  amount  of  resistance  left 
in  the  circuit  o£  the  motors.  A  magnetic  blow-out 
is  employed  as  in  the  case  of  the  street-car  motors, 
to  prevent  the  maintenance  of  dangerous  arcs.  The 
resistances  generally  employed  in  connection  with 
locomotive  controllers  are  shown  in  Fig.  z8i.  Here 
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two  forms  are  represented.     That  at  the  tc^  of  the 

figure,  called  the  ironclad  cell,  consists  of  a  strip  of 

sheet  metal  wound  in  a  spiral  form  on  an  iron  core, 

J^JJIJ^  the  successive  layers  being  insulated  hy  a  sheet  of 

i^tCe"™.  mica-     A  number  of  these  cells  are  mounted  on  the 

uMtn.      secticm  of  an  insulated  tube,  and  are  held  together 

by  nuts,  so  as  to  form  a  column,  as  shown  in  the 

figure.     The  other  form  of  resistance  is  called  the 

grid  diverter,  and  is  rqiresented  at  the  bottom  of 

the  figure.      It  consists  of  a  number  of  cast-iron 

plates,  mounted  together  in  the  form  of  a  cell,  and 

separated  by  washers  of  mica,  thus  permitting  space 

for  the  ventilation  of  the  resistance. 


Fid.  9Si.— Autamatic  RailwSf  Circuit- breaker. 

In  order  to  protect  the  motors  and  other  appara- 
tus (Ml  the  car  from  the  effect  of  too  powerful  cur- 
rents, an  automatic  railway  circuit-breaker  is  em- 
ployed. Its  general  appearance  is  seen  in  Fig.  282, 
which  represents  a  500-ampere  circuit-breaker. 
When  the  current  passing  through  the  coils  of  a 
ra"™"'°  magnet  placed  in  this  circuit-breaker  exceeds  a  cer- 
^^er.  t^in  predetermined  strength,  the  attraction  of  an 
armature  automatically  opens  the  circuit  of  the  car. 
At  the  same  time,  a  magnetic  blow-out  instantly  ex- 
tinguishes the  arc  that  tends  to  form  on  the  sudden 
breaking  of  the  circuit.  The  circuit  is  then  re-estab- 
lished by  the  motorman  moving  the  handle  shown 
in  the  figure. 
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In  electric  locomotives,  where  a.  large  current  is  doow* 
employed,  a  double  trolley  is  generally  used,  such^jj^''" 
as  is  shown  in  the  form  of  locomotive  represented  •«"»""''*■ 


Pig.  ig^— Double  Trolle/  oi 

in  Fig.  283.  In  Fig,  284,  a  form  of  electric  freight 
locomotive,  of  the  General  Electric  Company's  type, 
is  shown.     This  locomotive  is  employed  on  the  Buf- 


n  Ibc  Buflala  & 


felo  &  Lockport  Railroad.  The  driving  power  is 
supplied  through  transmission  lines  from  Niagara 
Falls.      Two  165  horse-power,  geared  motors  are 
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mounted  on  each  of  the  tracks,  so  that  the  locomo- 
tive can  develop  660  horse-power.  A  series-parallel 
controller  is  placed  in  the  cab  for  the  control  of  the 
fo?tooS'**  speed,  and  for  starting  and  stopping.  Here,  as  in 
motive.  ^^  ^j3g^  Qf  electric  locomotives  generally,  an  air 
whistle  is  employed,  the  air  for  this  purpose  being 
compressed  in  a  cylinder  by  means  of  an  electric 
motor.  The  locomotive  is  provided  with  two  elec- 
tric headlights. 

The  Central  Underground  Railway  Company,  of 
Londcm,  is  now  installing  some  28  separate  electric 
locomotives  for  drawing  its  passenger  trains.     Ow- 
Bqidprnent  i^&  ^^  the  fact  that  the  underground  tunnel  is  only 
unto-*^  1 1  feet  6  inches  in  diameter,  it  is  necessary  that  the 
ES?iiy     locomotive  cabs  be  made  low,   so  that  they  can 
ofLoBdon.  readily  clear  the  top  of  the  tunnel.     The  plans  for 
these  locomotives,  which  are  now  under  construc- 
tion by  the  General  Electric  Company,  is  for  a  2- 
truck,  8-wheel  locomotive,  each  truck  being  provided 
with  two  200  horse-power,  gearless  motors,  direct 
connected  to  the  truck  axles,  so  that  each  axie  is  a 
driving  axle.     Consequently,  this  locomotive  is  ca^ 
pable  of  exerting  800  horse-power ;  its  speed  equal 
l^oi^ to  about  40  miles  an  hour.     It  is  interesting,  in  this 
oonnection,  to  note  that  this  particular  railway  is  of 
the  third-rail  t)rpe,  the  current  being  taken  inyca  a 
third  rail  by  means  of  contact  shoes  mounted  on 
each  side  of  the  locomotive. 
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CHAPTER    XXXV 


TELPHERAGE 


''Drawn  with  a  train  of  little  atomies/' 

—Romeo  and  Juliet,  Act  I,  Scene  IV 

IT  is  asserted,  although  on  doubtful  authority, 
that  many  years  ago,  when  the  practical  appli- 
cations of  electricity  and  magnetism  were  not 
as  well  understood  by  the  general  public  as  they  are 
to-day,  an  Irishman,  desiring  to  send  a  pair  of  top 
boots  to  his  brother,  hung  them  up  on  a  telegraph  ^5  S?" 
line,  and  was  both  disappointed,  and  had  his  faith  Ji'p^f^^. 
in  the  applicability  of  electricity  to  everyday  life  {Sphcrage. 
considerably  shaken,  by  finding  that  they  were  still 
hanging  in  the  same  place  on  the  next  day.  Too 
much  ridicule,  however,  should  not  be  directed 
against  this  original  experimenter  in  the  electric 
art  of  telpherage.  Had  he  lived  in  these  later  days, 
his  method  for  transporting  articles  would  not  at 
all  have  been  an  impossibility;  for,  by  means  of  a 
comparatively  recent  invention,  articles  that  are 
practically  so  hung  on  conducting  lines  can  be  car- 
ried far  to  a  distance  from  the  place  from  which 
they  are  sent 

It  was  Prof.  Fleeming  Jenkin,  of  England,  who 
was  among  the  first  to  propose  this  curious  method 
of  electric  haulage,  and  coined  the  word  telpherage, 
now  generally  applied  to  it.  Although  the  system  FiwSh?g 
of  telpherage  was  originally  limited  to  the  method  BngUwd. 
of  carrying  packages  on  an  overhead  wire,  it  is  now 
frequently  applied  as  well  to  some  kinds  of  surface, 
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and  even  of  underground,  traction.  Broadly  speak- 
ing, a  telpherage  system  consists  of  means  for  the 
conveyance  of  goods,  merchandise,  or  various  forms 
of  raw  material,  in  bulk,  in  carriages  suspended  from 
electric  conductors  that  are  generally  overhead. 
The  carriages  are  propelled  over  the  conductors  by 
JllS?^  means  of  electric  motors  that  take  their  current  di- 
rectly from  the  conductor,  or  receive  it  from  over- 
head trolley  lines,  as  in  the  case  of  electric  street 
railways.  The  telpher  track,  over  which  the  telpher 
car  moves,  is  made  either  of  cable,  of  solid  bars,  or 
in  the  form  of  flat  girders.  In  the  case  of  cable 
tracks,  the  track  is  supported  every  hundred  feet  or 
so,  at  least  in  all  cases  where  such  suspension  is 
suspeniioo  possible.  Where,  however,  the  line  extends  across 
Sn^nl*^  deep  ravines,  or  between  the  higher  stories  of  fac- 
tories, a  longer  span  is  sometimes  necessary.  The 
cable  track  is  hung  by  means  of  suspension  cables 
from  suitable  hangers,  the  number  of  hangers  de- 
pending on  the  distance  between  intermediate  sup- 
ports. 

As  a  rule,  telpher  lines  are  of  comparatively  lim- 
ited length.  Originally,  all  telpher  lines  consisted  of 
an  elevated  road,  formed  of  a  wire  cable,  on  which 
vaStogw  electrically  propelled  cars  ran.  In  some  cases,  the 
finS,^  ^  cars  take  their  current  from  another  conductor  placed 
above  them.  In  most  cases,  the  advantages  of  a 
telpher  line  consist  in  the  readiness  with  which  such 
line  is  erected,  and,  consequently,  the  cheap  cost  at- 
tending its  erection.  For  example,  in  Fig.  285, 
is  shown  a  telpher  line  employed  for  the  purpose  of 
conveying  limestone  from  a  neighboring  quarry  to 
the  cement  works,  where  it  is  manufactured  into 
hydraulic  cement.  Here  a  double  line  of  compara- 
tively cheap  and  simple  construction  is  erected  be- 
tween the  quarry  and  the  works.     As  the  buckets 
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are  filled  at  tiie  quarry,  the  telpher,  with  its  bucket 
hanging  below  it,  is  passed  along  the  line,  as  shown 
in  the  figure.     Reaching  the  mill,  the  budcet  dumps 
its  load  and  passes  around  the  loop,  returning  tom 
the  quarry  for  another  load.      In  the  meanwhile,  q* 
other  buckets,  with  their  telphers,  are  being  loaded  w 
and  sent  over  the  line.     With  this  type  of  line,  prac- 
tically any  distance  can  be  passed  over,  though  gen- 
erally, as  already  stated,  such  lines  are  oot  made  of 
very  great  lengths. 


Fio.  as.— Telphci 


Qiurrr  and  Ccnoil  Wotki. 


In  some  cases,  however,  the  telpher  line  takes  the 
form  of  a  simple  elevated  electric  railroad.    This  is 


Fio.  lU.— Ban>Ke  b 


the  case  in  the  following  method,  which  has  been 
devised  by  the  United  States  Telpher  Company  for 
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Bag] 


the  purpose  of  conveying-  trunks  and  other  baggage 
from  a  baggage  car  to  the  baggage  rooms  at  the 
car  depot.  Here,  as  shown  in  Fig.  286,  a  telpher 
car  moves  over  a  telpher  track  immediately  over 
«  one  side  of  the  car  track,  so  that,  on  the  arrival 
£»«!?*  of  the  steam-car  train,  the  electric  motor  connected 
handiinff.    ^^|j  ^jj^  j^jg^  lowcrs  the  truck  immediately  at  the 

door  of  the  baggage  car.  This  arrangement  en- 
ables the  baggage  to  be  conveniently  transferred 
from  the  baggage  car  to  the  truck.  When  the 
truck  is  loaded  with  trunks,  the  electric  hoist  raises 
the  truck  to  the  necessary  height,  and  the  telpher 
car  then  carries  the  load  of  trunks  to  the  baggage 
room. 


Ashes  In  Fig.  287  is  shown  the  application  of  the  telpher 

brteipher.  system  to  the  carrying  of  ashes,  or  other  similar 


Fig.  387.— Ashes  and  other  Refuse  handled  by  Telpher  Line.  Note  that  here 
the  load  is  raised  by  means  of  an  electric  hoist,  conveyed  by  gravity  and 
returned  by  means  of  a.  counterweigfaL 


refuse.     In  this  particular  case,  the  ashes  from  some 
73  boilers,  together  with  other  refuse,  are  handled 
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ty  this  system,  which  is  capable  of  handling  150,000 
lb.  of  ashes  every  ten  hours. 

Where  the  distance  to  be  passed  over  is  very 
small,  such  as  might  exist  where  material  is  to  be 
raised  from  a  pavement  or  platform  and  dumped 
into  a  i^oot  near  the  tcq>  of  a  stordiouse,  the  move-  SlSS^ 
ment  of  the  car  may  be  obtained  by  the  alternate  ^tl^e 
action  of  gravity  and  of  a  counterweight  as  isJSyiV' 
shown  in  Fig.  288.     Here,  when  the  bucket  isSS-wSSht 
filled  with  its  load,  it  is  raised  to  the  necessary 
height  by  means  of  an  electric  hoist.     Matters  are 


Pig.  888.— Alternate  Use  of  GniTity.  Counterweight,  and  Blectric  Hoistinf 

in  Placing  BImteiial  in  Storehouie. 

so  arranged  that  the  weight  of  the  hoist,  bucket, 
and  load  is  greater  than  that  of  the  counterweight. 
Consequently,  on  releasing  the  rope,  the  budcet  de- 
scends to  the  building  where  it  is  automatically 
dumped  at  the  shoot.  As  soon  as  this  occurs^  the 
counterweight^  which  is  now  heavier  than  the  hoist 
and  the  empty  bucket,  returns  the  bucket  to  its  first 
position,  where  it  is  lowered  and  again  filled  and 
hoisted.  The  speed  is  under  the  control  of  a  hand 
brake* 
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CHAPTER    XXXVI 


TESLA  AND  THE  MULTIPHASE  MOTOR 


The  ex- 


''Ferraris  and  Tesla,  in  i888»  discovered,  independently,  the 
rotary  field  motor,  worked  by  multiphase  alternating  currents." 

-— PSEECE 

F  King  Solomon  at  his  early  day  could  truly  ex- 
claim, "There  is  nothing  new  under  the  sun," 
how  much  truer  must  this  be  at  the  beginning 
of  the  Twentieth   Century?     Although,   by   rea- 
son of  hard  work,  combined  with  that  rare  gift 
known  as  genius,  one  man  may  sometimes  make 
such  an  advance  as  to  get  considerably  ahead  of  his 
Miicnce  of  competitors,  yet  it  seldom  happens  that  he  can  make 
Solomon.    ^  discovery  or  invention  so  absolutely  new  that  he 
can  fairly  claim  it  as  entirely  his  own.     This  is  espe- 
cially the  case,  as  we  have  already  seen,  in  other 
parts  of  the  domain  of  electric  science. 

The  wonderful  invention  of  the  multiphase  electric 

motor  forms  no  exception  to  the  general  rule.     In 

Thertui-    this  invcntion,  as  in  nearly  all  great  inventions,  we 

eiectdc      cau  uot  pick  out  a  single  individual  and  fairly  ascribe 

SSrk^of*   to  him  the  honor  of  having,  unaided  and  alone, 

SSc!*   *°  placed  the  invention  in  the  state  in  which  it  is  ready 

to  be  put  into  the  every-day  service  of  man;  for 

here,  too,  it  will  be  found  that  there  are  others  who 

can  properly  claim  a  fair  share  of  such  honors. 

Without  going  at  length  into  the  early  history  of 
the  multiphase  motor,  it  must  suffice  to  say  that  there 
are  several  men  who  can  properly  claim  a  share  in 
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this  great  invention.    These  are  Bailey,  Ferraris, 
Bradley,  and  Tesla.     Of  these  early  inventors,  the  PSlSia, 
names  of  Ferraris  and  Tesla  stand  unquestionably SSrSa. 
ahead  of  the  others.    These  inventors,  independently 
of  each  other,  invented  the  multiphase  motor  at 
practically  the  same  time.     If  a  choice  is  to  be  made  ^?f^ont 
between  them,  there  can  scarcely  be  any  doubt  that[S?\^ 
the  merit  for  the  most  important  work  should  be  *«"^ 
given  to  Tesla. 

Pioneer  work  in  this  field  was  carried  on  by  Wal- 
ter T.  Bailey.  As  early  as  June  28,  1879,  Bailey 
presented  to  the  Physical  Society  of  London  a  work- 
ing model  of  a  motor  that  he  described  in  a  paper 
entitled  "A  Mode  of  Producing  Arago's  Rotations." 
It  will  be  remembered  that  in  Arago's  experiments 
a  copper  disk  had  a  motion  of  rotation  imparted  to 
it  by  means  of  an  electro-magnet,  rotated  above  the 
disk.  In  Bailey's  motor  the  copper  disk  was  rotated 
by  means  of  a  fixed  electro-magnet  containing  four 
poles,  the  magnetism  of  which  was  caused  to  shift  Bau«y^ 
successively.  Although  this  early  motor  contained  nmner 
the  germs  of  the  invention  of  the  multiphase  motor  ^""^ 
of  to-day,  yet  it  can  hardly  be  regarded  as  suitable 
for  actual  commercial  work,  unless,  indeed,  such 
work  were  limited  to  the  mere  driving  of  a  copper 
disk  for  the  purpose  of  determining  the  amount  of 
current  that  passes  in  any  circuit.  In  other  words, 
while  the  Bailey  motor  might  have  served  as  a  form 
of  electric  meter  motor  for  determining  the  quantity 
of  electricity  that  passes  in  a  circuit,  it  could  hardly 
be  regarded  as  being  as  applicable  for  the  purpose 
of  driving  heavy  machinery  as  are  the  multiphase 
motors  of  to-day. 

Professor  Galileo  Ferraris  constructed  an  electric  oaiiieo 
motor  embodying  the  principles  of  the  multiphase 
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motor  as  early  as  1885.  He  published  an  account  of 
this  motor  in  1888,  and  exhibited  it  at  the  World's 
Fair  at  Chicago  in  1893. 

Charles  S.  Bradley  filed  an  application  in  the 
United  States  Patent  Office  for  a  multiphase  motor 
on  May  8,  1887.  In  this  specification,  he  described 
the  use  of  two  separate  alternating  electric  currents 
for  driving  the  motor  that  differed  in  phase  by  90°. 
iSSj^'f"  He  does  not,  however,  make  any  reference  to  the 
motors*  presence  of  a  rotating  magnetic  field,  which,  as  we 
shall  shortly  see,  is  necessary  for  the  operation  of  a 
multiphase  motor.  He  subsequently  took  out  an- 
other United  States  patent,  dated  August  20,  1887, 
in  which  a  motor  is  described  as  operated  by  means 
of  three  alternating  currents,  differing  in  phase  in 
such  a  manner  as  to  constitute  a  three-phase  current. 

i 
t 

The  work  of  Tesla  in  the  field  of  multiphase  mo- 
tors was  unquestionably  more  complete  than  that  of 
Tesraf  Ferraris,  and  was  sufficient  by  itself  to  produce  com- 
mercially operative  multiphase  motors.  We  will, 
therefore,  describe  the  multiphase  motor  in  the  light 
of  Tesla's  inventions,  bearing  in  mind,  however,  the 
claims  of  others  to  a  part  of  the  honor  of  this  great 
invention. 

Nikola  Tesla,  a  Serbian,  was  born  in  1857,  at 
Smiljan,  Lika,  on  the  borders  of  Austria-Hungary. 
His  great  discovery  resulted  in  the  production  of 
a  particular  form  of  electric  motor,  now  generally 
known  as  the  multiphase  or  polyphase  electric  motor. 
In  this  electric  motor  neither  commutator  nor 
brushes  are  employed. 

Although  Tesla  was  ridiculed  by  those  to  whom, 
at  an  early  date,  he  made  known  his  belief  that 
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neither  brushes  nor  commutators  were  necessary 
to  cerate  a  motor,  yet  he  continued  in  his  efforts 
to  accomplish  thiis  desired  end,  until,  after  many 
years  of  continuous  labor,  he  succeeded  in  produc- 2^*^^- 
ii^,  as  early  as  1887  and  1888,  multiphase  motors  ]^jm^ 
that  possessed  efficiencies  as  high  as  any  of  the  "***"• 
direct-current  motors  then  in  existence.     To-day, 
motors  practically  of  the  same  type,  are  extensively 
used  in  all  parts  of  the  world. 

A  system  of  multiphase  alternating  electric  cur- 
rents consists  of  two  or  more  conductors  that  are 
traversed  by  independent  alternating  currents,  that 
differ  from  one  another  by  a  definite  difference  of 
fdiase.  Of  the  great  number  of  possible  multiphase 
alternating  currents,  there  are  practically  only  t wo  XternatiS 
that  are  generally  employed;  viz.,  the  diphase  and^SSs. 
the  triphase  alternating  currents.  Diphase  alternat- 
ing electric  currents  consist  of  two  separate  alter- 
nating currents,  that  differ  from  one  another  in 
phase  by  J4  of  a  cycle  or  90° ;  while  triphase  alter- 
nating currents  consist  of  circuits  having  three 
alternating  currents,  differing  from  one  another  in 
phase  by  1-3  of  a  cycle  or  120°. 

Diphase  and  triphase  currents  possess  certain  ad- 
vantages as  regards  the  operation  of  motors,  espe- 
cially when  taken  in  connection  with  systems  for 
the  transmission  of  power  over  great  distances.  We 
will,  therefore,  examine  some  of  the  peculiarities  of  Advmn- 
diphase  and  triphase  alternating  electric  currents,  5}«£2f and 
Let  us  take,  for  example,  the  diphase  current  circuits  JJJS^ 
represented  in  Fig.  289,  in  which  there  are  two  sepa-  SgeESSu; 
rate  circuits  that  receive  simple  alternating  currents"***'"- 
from  the  same  dsmamo  at  A.     These  separate  alter- 
nating currents  are  exactly  alike,  save  that  the  cur- 
rent in  the  circuit  abed  differs  from  that  in  the 
circuit  £fgh,  ^^  that  the  KM.F/s  that  produce  these  . 
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currents  differ  in  phase  by  J4  of  a  cycle,  the  waves 
reaching  their  greatest  values  or  highest  crests  in 
one  circuit  at  the  moment  that  they  are  at  their 
smallest  values  or  their  lowest  crests  in  the  other 
circuit.  This  difference  in  phase  is  obtained  by 
so  placing  the  armature  coils  on  the  alternator  in 

A  B 

Pic.  t89.— Diphaae  System  of  Current  with  Four  Conductors. 

which  they  are  produced,  in  such  a  position,  as  re- 
gards one  another,  that  this  difference  of  phase  must 
result. 

It  is  not  necessary,  however,  in  order  to  transmit 

Srt^**     diphase  currents  through  any  distance,  to  provide 

2>ndil?t^  the  four  separate  circuits  shown  in  the  above  figure. 

A  common  return  conductor  may  be  employed  in 

place  of  the  conductors  cd  and  efy  of  Fig.  289,  as 

shown  in  Fig.  290,  where  a  diphase,  three-wire  sys- 

^  I 


Fig.  290.— Diphase  System  with  Three  Conductors. 

tem  is  represented.  In  this  case,  since  the  con- 
ductor cd  transmits  a  greater  current  strength  than 
either  ab  or  gh,  it  is  necessary  to  make  its  area  of 
cross-section  somewhat  greater  than  that  of  these 
conductors. 

In  the  same  manner,  a  triphase  system  of  alter- 
nating currents  consists  of  three  separate  and  dis- 
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tinct  alternating  currents  produced  from  a  single  xriphase 
generator,  and  connected  with  three  separate  andJJJ'^Sx 
distinct  circuits  abed,  efgh,  and  ikml.  Fig.  291,  dif- *^'^"*'*'" 
fering  from  one  another  by  1-3  of  a  cycle  or  120°. 
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Fig.  a9i.~Triphase  System  with  Three  Conductors. 

Here,  however,  as  in  the  case  of  the  diphase  circuits, 
it  is  not  necessary  to  employ  six  distinct  conducting 
wires  to  transmit  triphase  currents  to  a  distance,  •ystem 

-         .  with  three 

since  each  wire  can  serve  as  a  common  return  con- conductors 
ductor  for  the  other  two.     Consequently,  such  cir- 
cuit can  consist  of  three  conducting  wires  only,  as 
shown  in  Fig.  292. 


Fig.  393.— Triphase,  Three- wire  System. 


Let  US  now  examine  the  manner  in  which  multi- 
phase alternating  currents  are  employed  for  the 
operation  of  motors.  We  will  take  the  simpler  case 
of  the  diphase  currents,  and  will  suppose  that  an 
iron  ring  ABCD,  Fig.  293,  is  wound  with  insulated 
wire,  and  supplied  first  with  two  separate,  direct 
currents,  applied  respectively  at  AB  and  CD.  There 
are  then  produced  two  magnetic  poles,  that  will  re- 
main fixed  in  position  as  long  as  the  direct  currents 
continue  to  pass  through  the  magnetizing  coils.     If, 
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however,  two  separate  dij^ase  currents  be  supplied, 
one  at  AB,  and  the  other  at  CD,  then  there  would 
be  produced  magnetic  poles  that  would  regularly 
revolve  around  the  ring,  and  would  tend  to  carry 
a  compass  needle  around  with  them. 


Pig.  993.— How  a  rotaliag  Magnetic  Field  k  produced  by  a  Diphaae- 

corrent  System. 


Consider,  for  example,  what  would  take  place  at 
the  moment  when  the  two  diphase  currents  were  in 
?/aro2rt-"  ^^^  phases  indicated  at  the  upper  part  of  the  figure; 
iSS^M   *-^M   the   conductors    connected    with    the   current 
cwreSu."*  LMN,  being  connected  to  the  ring  at  A  and  B,  and 
those  connected  with  the  current  OPQR,  being  con- 
nected at  C  and  D.     At  this  moment  there  is  no  cur- 
rent passing  through  CD,  so  that  AB  only  acts  and 
tends  to  produce  the  north  and  south  poles  indicated 
in  the  figure.      Consequently,  a  magnetic  needle, 
placed  inside  the  ring,  would  tend  to  point  in  the 
direction  of  the  large  arrow  shown  inside  the  ring, 
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or  of  the  small  arrow  at  i,  in  the  middle  part  of  the 
figure.  At  exactly  J4  of  a  cycle  from  this  position 
the  current  in  LMN  has  now  fallen  to  zero,  while 
the  current  of  OPQR  has  reached  its  greatest  value. 
Consequently,  magnet  poles  will  be  produced  at  C 
and  D,  and  the  magnetic  needle  will  point  in  the 
direction  indicated  at  3,  at  the  middle  of  the  figure. 
At  the  end  of  J4  a  cycle,  or  at  180°,  the  current  in 
OPQR  has  again  reached  the  zero  value,  while  that 
in  LMN  has  again  reached  its  maximum,  but  this 
time  in  the  opposite  direction  to  the  maximum  it  had 
at  the  start,  so  that  the  magnetic  needle  now  tends 
to  point  in  the  opposite  direction,  or  as  indicated  at  ^mpicte 
S,  at  the  middle  of  the  figure.  For  similar  reasons,  JSJffiSJ*^ 
the  needle  would  point,  at  positions  7  and  9,  in  the  ^^  *^*^^*' 
directions  indicated.  In  the  intermediate  positions 
at  45°,  135°,  225°,  and  315°,  both  alternating  cur- 
rents are  acting,  but  at  different  phases,  so  that  the 
needle  will  tend  to  point  as  indicated  at  2,  4,  6,  and 
8,  at  the  middle  of  the  figure.  The  combined  re- 
sults of  these  various  actions  would,  therefore,  pro- 
duce on  the  magnetic  needle,  during  each  cycle,  an 
effect  that  would  cause  the  needle  to  be  carried 
around  continuously,  by  the  shifting  resultant  field,  as 
long  as  the  ring  was  supplied  with  diphase  currents. 
The  field  thus  produced  is  called  a  rotating  magnetic 
field,  there  being  produced  one  complete  rotation  for 
every  cycle  of  the  alternating  currents. 

It  is  on  the  principle  of  the  rotating  magnetic  field 
that  multiphase  current  motors  are  operated.     The 
magnetic  needle,  placed  inside  the  iron  ring,  wound 
with  insulated  wire,  as  shown  in  Fig.  293,  consti- 
tutes, in  point  of  fact,  such  a  motor  in  miniature,  ^  ^^^^^ 
being  called  a  S3mchronous  multiphase  motor,  since  5°^*  2"** 
its  armature  revolves  in  exact  S3mchronism  with  the  moto"- 
phase  of  the  currents  that  are  driving  it.     When, 
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instead  of  a  needle  or  something  that  corresponds  to 
a  needle,  a  cylinder  of  laminated  iron  is  employed, 
wound  with  conductors  just  like  the  conductors  on 
the  armature  of  a  djmamo,  except  that  they  are  short 
circuited,  such  an  armature  will  also  revolve  under 
the  influence  of  the  rotating  magnetic  field.  In  this 
latter  case,  however,  its  speed  will  be  somewhat  less 
than  that  of  the  synchronous  armature,  the  diflference 
of  speed,  which  is  called  the  slip,  generally  amount- 
ing to  from  one  to  five  per  cent.  This  slip  means 
that  the  close-circuited  armature  conductors  possess 
a  motion  with  respect  to  the  rotating  magnetic  field. 
Consequently,  since  such  conductors  cut  the  lines  of 
magnetic  flux,  they  will  have  electric  currents  in- 
duced in  them.  It  is  the  mutual  interaction  of  the 
magnetic  flux  of  the  rotating  field,  and  the  mag- 
netic flux  of  the  field  produced  by  these  currents, 
that  causes  the  armature  to  revolve.  A  motor  of 
this  character  is  called  a  multiphase  induction  motor. 


ReasooB 


The  great  value  of  multiphase  induction  motors 
lies  in  the  fact  that,  since  no  current  is  directly  sup- 
f^r^^Sc  plied  to  the  moving  part,  there  is  no  necessity  for 
uo^motors.  any  electric  connection  between  the  field  and  the 
armature,  except,  indeed,  for  purposes  of  starting 
and  regulation.  As  in  ordinary  alternating-current 
dynamos,  either  the  part  in  which  the  current  is  in- 
duced revolves,  or  is  stationary.  Therefore,  the 
terms  rotor  and  stator  are  respectively  applied, 
in  the  case  of  the  multiphase  induction  motors,  to 
waton"*'  the  parts  that  revolve  or  are  stationary,  just  as  in 
the  case  of  direct-current  machinery,  already  re- 
ferred to. 

Triphase  alternating  currents  produce  rotary 
magnetic  fields  in  a  similar  manner  to  diphase  cur- 
rents, and  are  able  to  produce  multiphase  motors 
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both  of  the  synchronous  and  of  the  induction  types, 
xmiltiphase  synchronous  motors  possessing  the  ad- 
vantage over  ordinary  single-phase  motors,  in  that^nl-hE!!'" 
they  are  capable  of  starting  from  a  state  of  rest.  rnd?c"n 
Multiphase  induction  motors,  moreover,  unlike  the"*^"* 
single-phase  motor,  possess  considerable  torque  at 
starting,  and,  therefore,  do  not  require  any  special 
device  in  order  to  bring  them  up  to  synchronism. 

A  multiphase  induction  motor,  of  the  Westing- 
house  Company's  type,  is  shown  in  Fig.  294.    This 


Pic  994.— Hulliptiaie  oi  PolTpbue  Induction  Motor,  WcMiaghOTue 
Compan^'a  Type. 

size  of  motor  is  capable  of  producing  500  horse- 
power.    The  great  simplicity  of  such  a  machine  will  ^^i'^'iJ^ 
be  seen  from  an  inspection  of  the  figure.     It  con-""^- 
sists,  essentially,  of  but  two  elements;  viz.,  of  the^«^<^ 
primary  or  stator,  the  part  that  is  directly  mag- 
netized by  the  current  supplied  from  the  triphase 
power  circuit,  and  the  secondary,  or  rotor,  in  which 
low  potential  currents  are  induced  by  the  action  of 
the  primary.     The  windings  of  the  primary  are  such 
that,  when  supplied  with  triphase  alternating  cur- 
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rents,  a  rotating  magnetic  fidd  is  produced.  This 
rotating  fidd  ^rts  on  the  secondary  winding,  and  in- 
duces currents  therein,  and,  in  this  manner,  a  rota- 
tion is  produced  by  the  interaction  of  the  fields  of 
the  two  circuits. 


Varioui 
mulUpbuc 


Fio.  19s.— DlflcreM  Paru  of  Multiphase  iDducUon  Hotor,  WeKiagbouK 
CompuT*!  Type, 

TTie  various  parts  of  a  multiphase  induction  mo- 
tor, of  the  type  just  described,  are  shown  in  Fig. 
295.  Here  the  primary  element  cwisists  of  a  cast- 
iron  housii^,  that  incloses  the  primary  and  forms 
the  frame  of  the  motor.     It  consists  of  a  hollow 
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cylinder,  built  up  of  laminated  rings  of  sheet  metal, 
slotted  on  the  inside,  as  shown,  for  the  purpose  of 
receiving  the  conductors.  These  rings  are  rigidly 
supported  by  the  cast-iron  housing.  Where  the 
motors  are  of  large  size,  the  rings  are  not  continu- 
ous, but  are  made  up  of  segments.  The  conductors 
of  the  primary  are  generally  machine-wound  coils 
of  wire,  that  are  thoroughly  insulated  before  being 
placed  in  the  slots  of  the  primary  iron  core.  In 
some  of  the  larger  sizes  of  motors,  instead  of  wire 
coils,  a  copper  strip,  bent  in  the  proper  form,  is  em- 
ployed inside  the  coils.  In  some  large  motors, 
wound  for  low  voltages,  and,  therefore,  in  which  a 
large  current-carrying  capacity  is  necessary,  the 
windings  consist  of  copper  bars  placed  in  each  slot, 
the  necessary  connection  between  the  bars  being 
made  by  short  lengths  of  copper  strap.  The  ap- 
pearance of  the  completely  wound  primary  is  seen 
in  the  centre  of  the  figure. 

The  secondary  core  is  built  up  of  laminated  disks 
of  steel,  suitably  mounted  on  a  spider.      It  carries 
the  rectangular  copper  bars,  employed  for  the  wind- core  of  mui. 
ing,  in  partially  closed  slots  on  its  periphery.     Themducdon 
complete  motor  is  shown  at  the  bottom  of  the  fig-"*^**'' 
ure.     These  motors  are  designed  either  for  two- 
phase  or  three-phase  circuits,  and  for  7,200,  3,600, 
or  3,000  alternations  per  minute.      The  standard 
voltages  are  200  or  400  volts  up  to  sizes  of  200 
horse-power,   and   400  volts   for   larger   sizes  of 
motors. 

In  multiphase  induction  motors,  the  variation  in 
speed  between  no  load  and  full  load  is  small.     TheSomege- 
motor  is  capable  of  being  overloaded  for  a  short  ©^j^ 
time  without  sensible  damage,  since  it  contains  no^«^J2j>« 
commutator  to  be  injured  by  sparking,  and  no  mov- 
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ing  part  to  be  burned  by  arcs.  The  only  manner  in 
which  it  can  be  injured  is  by  the  overloading  of  the 
coils,  and  these  are  readily  made  of  such  current- 
carrying  capacity  that  they  can,  as  already  stated, 
safely  carry  considerable  overloads,  if  not  continued 
for  too  long  a  time; 

Auto-  A  multiphase  motor  of  small  size  can  be  started 

^l^h^  I^  directly  connecting  its  terminals  with  the  driv- 
SSS?""    ing  current     When  of  large  size,  it  is  necessary  to 
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start  it  at  some  smaller  voltage,  the  full  E.M.F.  only 
being  applied  when  the  motors  have  nearly  attained 
their  full  running  speed.  The  low  E.M.F.  required 
for  this  purpose  is  obtained  from  a  small  machine 
called  an  auto-starter.  This  consists,  as  shown  in 
Fig.  296,  of  a  double-throw  switch,  placed  on  the 
top  of  an  iron  box,  in  which  are  two  transformers. 
When  the  switch  is  thrown  in  one  position,  the  two 
transformers  are  placed  across  the  circuit,  and  fur- 
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nish  the  low  E.M.F.  required  for  starting-.  As 
soon,  however,  as  sufficient  speed  has  been  attained, 
the  switch  is  thrown  in  the  t^posite  direction,  there- 
by cutting  out  the  transformers,  and  connecting  the 
motor  directly  with  the  driving  circuit. 

It  is  not  necessary  that  the  starting  device  for  a 
muhiphase  motor  be  placed  near  the  motor.  On  the  Mmon 
contrary,  it  may  be  placed  at  a  distance  from  it-fSf^ 
This  is  especially  advantageous  in  such  cases  as 
woollen  mills,  flour  mills,  or  other  places  where  com- 
bustible materials  exist,  and  where,  consequently, 
a  danger  might  arise  from  fires  caused  by  possible 
sparking  at  the  contacts  of  the  switches. 


Fic  >};.— lodDctiod  Uotor  with  SUrtlng  RniiUcec,  GcDcral  Electric 
Compan;'!  Trpc. 

TTie  multiphase  induction  motor  is  sometimes 
provided  with  a  Btarting  resistance,  placed  inside 
the  motor's  secondary  or  armature.  Such  a  motor,  motor  with 
of  the  General  Electric  Cfanpany's  type,  capable  of  rerfiunce. 
furnishing  40  horse-power,  is  shown  in  Fig,  297. 
As  in  the  case  of  the  direct-current  motors,  multi- 
phase motors  can  be  placed  either  on  the  floor,  on 
the  wall,  or  on  the  ceiling.  Indeed,  this  is  especially 
true  of  induction  motors,  since,  as  we  have  seen, 
they  have  neither  ctMnmutator  nor  brushes,  and, 
consequently,  require  but  little  attention. 
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CHAPTER  XXXVII 

SOME   APPLICATIONS    OF    THE    ELECTRIC    TRANSMIS- 
SION OF  POWER 

'The  economical  radius  of  direct-current  supply  from  a  cen- 
tral station  is  so  limited  that  even  in  a  strictly  direct-current 
system,  if  it  covers  considerable  area,  recent  engineering  pre- 
scribes a  large  alternating-current  generating  plant  furnishing 
power  to  rotary  converter  sub-stations,  and  from  these  the 
direct  current  is  distributed.  This  is  witnessed  in  recent  in- 
stallations in  Greater  New  York." — Alternating  Current  in 
General  Distribution: — Charles  F.  Scott 

ENERALLY  speaking,  the  electric  transmis- 
sion of  power  is  based  on  the  fact  that, 
when  electricity  is  sent  through  a  dynamo 
or  generator,  it  causes  it  to  be  driven  as  a  motor, 
so  that  it  becomes  a  source  of  mechanical  power. 
S?Si?-  This  is  true  of  all  types  of  generators,  whether  di- 
miniM^of  rect,  single-phase,  or  multiphase.  If,  therefore,  a 
^^^'  generator  of  any  type  be  located  at  a  distant  source 
of  power,  such,  for  example,  as  a  water-fall  or  a 
steam-engine,  the  mechanical  energy  required  to 
drive  this  dynamo  at  this  point  can  be  transformed 
into  electric  energy,  and  this  electric  energy  can 
be  transmitted  over  a  line  wire  or  conductor,  and 
be  reconverted  into  mechanical  energy  at  the  receiv- 
ing end  of  the  line,  by  causing  it  to  pass  through 
a  second  generator  of  the  same  type  as  that  at  the 
generating  end  of  the  line. 

As  we  have  seen,  the  distance  over  which  such 
transmission  is  possible  is  limited  only  by  the  size 
of  the  conductor  that  connects  the  two  stations. 


for 
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Given  a  wire  of  sufficient  conducting  power,  prac- 
tically any  distance  can  be  overcome.     In  point  of 
fact,  large  amounts  of  energy  are  being  transmitted 
every  day  in  California  over  a  distance  that  is  in  the  ^SSSl^  °' 
neighborhood  of  250  miles.     While  either  direct  or  sS™i*y 
alternating  currents  can  be  employed  for  such  trans-  p?S>°nduct- 
mission,  yet  the  many  advantages  possessed  by  al-JS^dS^t*^ 
temating  currents,  especially  those  in  regard  to  the 
ease  with  which  their  pressure  can  be  increased  or 
decreased,  and  their  applicability  to  the  driving  of 
motors,  have  caused  nearly  all  transmission  lines  to 
be  those  in  which  multiphase  electric  currents  are 
employed. 

The  following  example  of  the  great  saving  in  the 
cost  of  QoippcXy  that  is  possible  even  in  the  case  of 
but  a  fairly  high  pressure  on  the  transmission  line,  2^  in 
will  make  it  clear  why  alternating  currents  at  high^pper^Sn 
pressures  have  practically  entirely  replaced  direct  SSlSw 
currents  at  low  pressures  for  the  electric  transmission  pr^re 
of   energy.      Triphase   generators   can   be   readily 
wound  directly  to  produce  fairly  high  pressures. 
Suppose,  for  example,  that  triphase  currents  are 
employed  on  a  transmission  line  at  a  pressure  of 
6,600  volts.     Under  these  circumstances,  a  given 
amount  of  energy  can  be  transmitted  over  a  giyen 
distance  with  the  use  of  less  than  one  per  cent  of 
the  copper  that  would  be  required  in  order  to  trans- 
mit the  same  amount  of  energy  over  the  same  dis- 
tance by  the  use  of  a  direct  current  at  a  pressure  of 
550  volts. 

Many  different  systems  of  multiphase  transmis- 
sion have  been  installed  in  actual,  every-day  use.  vantages' 
Both  diphase  and  triphase  alternating  currents  ^rttwJL'^ 
employed,  but,  generally  speaking,  the  tendency  is"**"* 
to  employ  triphase  currents,  from  the  fact  that  the 
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quantity  of  copper  required  to  transmit  a  given 
amount  of  electric  energy  over  a  given  distance  is 
much  less  than  that  required  in  the  diphase  system. 
Moreover,  the  triphase  system  is  less  complex  than 
the  diphase. 

A  variety  of  triphase  transmission  circuits  are  in 
use  In  some  cases,  the  generator  delivers  triphase 
currents  direct  to  the  transmission  line  at  compara- 
rore  tfS.  tively  low  pressures.  The  E.M.F.'s  at  the  genera- 
miation.  ^^^  terminals  are  sufficiently  above  those  required 
by  apparatus  at  the  receiving  end  of  the  line  to  make 
up  for  the  loss  during  transmission.  Of  course,  in 
such  cases,  the  distance  of  transmission  is  not  very 
great,  so  that  it  is  possible,  economically,  to  employ 
low  pressures  over  the  transmission  lines. 

Where  the  length  of  the  line  is  greater,  the  gen- 

Mre^tSSS^  erators  produce  triphase  currents  at  very  high  pres- 

!JiS*s?cp.   sures,  and  deliver  such  currents  to  the  transmission 

forSlraf"*' lines.     At  the  receiving  end  of  the  line,  step-down 

transformers  are  employed  to  lower  the  pressure  to 

that  required  for  the  motors,  lamps,  etc.     This  is 

practically  the  system  employed  in  all  long-distance 

transmissions. 

In  some  cases,  the  generators  are  wound  for  pro- 
ducing currents  at  low  E.M.F.'s,  and  step-up  trans- 
sure  tSiS^  formers  are  employed  to  raise  the  pressure  to  that 

mission  •««  ■«.  ■•  a        •       a% 

with  trans-  required  for  economical  transmission.     As  m  the 

formers  at.  .jt^^  ^t_ 

each  end  prcvious  case,  stcp-dowu  transformers  must  be  em- 
ployed at  the  receiving  end  of  the  line  to  lower  the 
pressure  for  the  lamps,  motors,  etc. 

It  will  be  interesting  to  give  examples  of  the  ttiree 
different  systems  of  electric  transmission  above  re- 
ferred to.     The  low-pressure  system  is  suitable  for 
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factories  and  other  similar  plants,  where  the  dis- 
tance of  transmission  is  not  great.  Such  a  system 
is  represented  in  Fig.  298,  where  a  triphase  induc- 
tion motor  is  shown  near  the  generator,  provided  J^rTSa^ 
with  a  pulley,  and  intended  for  the  belt  driving  of  JJlSml 
some  piece  of  machinery.  An  alternating-current 
arc  lamp  is  shown  connected  to  two  of  the  phased. 
At  the  end  of  the  circuit  a  small  triphase  induction 
motor  has  its  shaft  directly  connected  to  the  shaft 


Fig.  agS.— Low-pressure  Transmiasion  System.  Here  A  is  the  generator,  B 
a  triphase  induction  motor,  C  an  arc  lamp,  D  incandescent  lamps ;  at  B  is  a 
triphase  inductor  directly  connected  to  a  continuous-current  motor,  operating 
a  plating  batli. 

of  a  continuous-current  dynamo,  which  produces  the 
continuous  current  required  for  the  operation  of  the 
plating  bath,  with  which  it  is  connected.  The  dotted 
line  in  this  figure  is  intended  to  indicate  the  con- 
nection of  incandescent  lamps  to  the  circuits  of  a 
diphase  transmission  circuit  of  the  four-wire  type. 

In  Fig.  299,  a  multiphase  transmission  plant  is 
represented,  in  which  a  triphase  generator  is  wound 
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Fig.  999.— High-pressure  TransmiMlon  System  with  step-down  transform- 
ers. A,  tripliase  generator;  B,  large  motor;  C,  step-down  transformer;  D, 
small  motor  and  Incandescent  lamps ;  B,  constant-current  transformer ;  F,  step- 
down  transformer,  motor,  and  lamps. 

to  produce  a  pressure  of  say  2,300  volts.  This  pres-  High-pres- 
sure is  suitable  for  direct  use  on  large  motors.  In-  SSSio^*" 
candescent  lamps  and  smaller  motors,  however,  must  ^y"'*"- 


580 


XLE0TRICIT7  IN  SYSm-DAY  UFB 


have  their  pressure  lowered  by  the  use  of  suitable 
step-down  transformers.  At  the  centre  of  this  fig- 
ure is  shown  the  use  of  a  constant-current  trans- 
former, in  connection  with  four  arc  lamps  connected 
in  series,  as  shown.  This  is  the  system  we  have  al- 
ready described.  In  this  case,  two  of  the  phases  of 
the  transmission  line  are  connected  to  the  primary 
windings  of  the  transformer,  and  with  the  arc  lamps 
in  series,  as  shown. 

Where  the  distance  of  transmission  is  great,  gen- 
erators of  a  large  size  are  wound  for  furnishing 
pressures  as  high  as  13,000  volts.  This  system  is 
the  one  that  is  employed  by  nearly  all  lighting  and 
power  stations  to-da>. 


Fig.  330.— Very  High-pressure  Transmission  Line,  wilh  Transformers  at 
each  end  of  the  Line.  A,  triphase  generator ;  B,  step-up  transformer ;  C,  sub- 
station with  step-down  transformers;  D,  induction  motor;  D',  induction 
motor  for  pressures  lower  than  D ;  B,  incandescent  lamps ;  F,  sub-station 
with  step-down  transformers  feeding  rotary  converter,  which  supplies  street- 
car system. 


Where  the  distances  are  so  great  that  13,000  volts 
are  not  sufficient,  then  the  remaining  system  de- 
scribed is  employed.     Here  the  dynamo  is  wound 
SSS^s^Tm  for  any  convenient  electric  pressure,  and  the  pres- 
ToimS!^  sure  is  increased,  by  means  of  step-up  transformers, 

each  end  of  .  «  •    i  •       « 

the  line,  to  any  higher  pressure  required,  say  20,000,  50,000, 
or  60,000,  volts.  In  such  a  system,  step-down  trans- 
formers are  employed  at  the  place  where  the  trans- 
mitted currents  are  utilized.  A  system  of  this  char- 
acter is  shown  in  Fig.  300.  Here  the  generator 
produces  any  convenient  difference  of  potential  at 
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its  terminals,  and  this  pressure  is  greatly  increased 
by  means  of  step-up  transformers,  shown  at  the  left- 
hand  side  of  the  figure,  one  transformer  being  con- 
nected to  each  phase.  The  advantage  of  such  a 
transmission  line  lies  in  the  fact  that  a  number  of 
sub-stations  can  be  supplied  with  current  at  various 
points  along  the  line.  In  the  case  shown  in  the 
figure,  two  only  of  such  sub-stations  are  repre- 
sented, one  intermediate  between  the  two  ends  of 
the  line,  and  the  other  at  the  far  end  of  the  line.  At 
the  sub-station  that  is  nearer  the  dynamo,  three 
step-down  transformers  are  employed  to  lower  the 
pressure  for  the  triphase  motor  shown  connected  to 
the  transformer  terminals.  Here,  too,  a  second  set 
of  step-down  transformers  are  employed  for  still 
further  lowering  the  pressure  for  the  incandescent 
lamps  and  most  of  the  motors. 

In  the  sub-station  shown  at  the  far  end  of  the  line, 
there  is  seen  an  application  that  is  now  coming  into  Roury 
general  use.  Here  a  set  of  three  step-down  trans- *^°°^"**'' 
formers  are  connected,  one  to  each  phase,  so  as  to 
lower  the  pressure  for  use  in  an  apparatus  called  a 
rotary  converter,  that  is  employed  to  change  the  al- 
ternating currents  to  the  direct  currents  required  for 
use  in  street-car  propulsion. 

In  an  extended  street-car  district,  instead  of  hav- 
ing a  number  of  central  power  stations  distributed 
throughout  the  district  at  distances  apart  depend- High-pre*. 
ine:  on  its  different  densities  of  population,  it  is  far  mSion 

•      «  «  •       1  .      t  A       for  street- 

more  economical  to  have  a  smgle  central  power-sta-  car  lines. 

tion  at  which  alternating  currents  of  high  pressure 

are    generated.      These    high-pressure   alternating 

currents,  which  are  generally  triphase  in  character, 

are  then  transmitted  over  a  well-insulated  line  to 

various  sub-stations,*  where  the  high  pressures  are 
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first  reduced  by  passing  the  currents  through  step- 
down  transformers,  and  are  then  converted  into  di- 
rect currents,  at  pressures  of  from  550  to  600  valts, 
by  the  use  of  rotary  convertera 

The  advantages  attending  this  use  of  a  central 
power  station,  connected  at  suitable  distances  along 
the  transmission  line  with  sub-stations,  are  many. 
In  the  old  plan  of  erecting  central  stations  where 
tllSSaf     direct  currents  were  generated  at  pressures  which 
^iSi^  permitted  such  currents  to  be  passed  directly  to  the 
SJSuotf'  trdley  wires  or  conductors,  the  position  of  such  sta- 
syitem.      ^^^s  was  uccessarily  determined  by  the  amount  of 
current  that  such  station  was  expected  to  produce, 
the  distance  at  which  it  could  economically  supply 
outlying  districts  being  limited  by  the  amount  of 
copper  required  in  the  feeders  and  conductors,  as 
elsewhere  indicated  in  similar  cases  of  direct  current 
supplied  through  constant-potential  mains.     A  ne- 
cessity, therefore,  existed  in  such  systems  of  locat- 
ing the  central  station  at  a  point  approximately  in 
the  centre  of  the  district  to  be  supplied,  and  this 
often  necessitated  the  erection  of  such  station  in  a 
Mainpow-  district  whcre  land  was  dear  and  where  an  extra 
^be^t-  handling  of  the  coal  required  for  the  power  was 
where^^'  ncccssary.     In  a  system  of  high-pressure  alternating 
currents,  however,  this  central  location  of  the  power 
plant  is  no  longer  a  matter  of  consequence,  so  that 
the  plant  can  be  located  in  a  district  where  land 
is  comparatively  cheap,  and  where  the  power  can 
be  produced  imder  far  more  economical  conditions. 

It  is  well  known  that,  at  any  central  station,  a 

Complex    considerable  space  is  occupied  by  the  boilers,  steam- 

oP^^  engines,  and  other  appliances  necessary  for  the  pro- 

inff  station,  ductiou  of  the  currcnt.     Moreover,  at  such  staticms, 

a  variety  of  electric  ajqiliances  is  also  necessary. 
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All  these  things  necessitate  the  expenditure  of  con- 
siderable sums  of  money.  Moreover,  the  number 
of  attendants  required  for  the  operation  of  a  central 
station  is  great,  thus  necessitating  a  big  pay  roll.  chSicter 
Now,  where  a  single,  large,  main  power-station  isJitfo^,. 
erected,  these  expenses  can  be  considerably  reduced, 
since  at  each  of  the  sub-stations  the  apparatus  in- 
stalled requires  comparatively  little  attendance,  one 
man,  as  a  rule,  being  able  to  take  care  of  the  several 
rotary  converters  employed,  and  even  then  to  have 
some  spare  time  for  other  work.  Besides  all  this, 
the  operation  of  such  a  sub-station  is  unattended  by 
noise  or  danger,  and  is  less  objectionable  when  lo- 
cated even  in  high-class  resident  neighborhoods. 

But  there  is  still  another  reason  why  a  number 
of  small  sub-stations  are  better  suited  for  street  rail- 
way systems  than  a  few  large,  independent  central  uSoiTit 
power  stations,  employing  direct  current.  Great '"**"^*^°°* 
variations  or  fluctuations  in  the  total  load  of  such 
a  central  station,  that,  as  has  already  been  pointed 
out,  are  apt  to  occur  at  certain  hours  of  the  day, 
are  far  less  apt  to  occur  in  the  more  limited  areas 
that  are  assigned  to  a  number  of  smaller  sub-sta- 
tions. Consequently,  these  stations  can  be  of  a 
smaller  capacity  as  regards  their  total  output  than 
would  be  necessary  in  the  case  of  a  direct-current 
central  station,  since  a  single  extra  or  reserve  ro- 
tary converter  could  carry  the  extra  load  called  for 
by  ball  games,  parades,  fairs,  excursions,  and  other 
causes  that  require  an  increased  load  for  but  a  lim- 
ited time. 

The  circuits  and  apparatus  of  an  electric  street- 


ine  circuits  ana  apparatus  oi  an  eiectnc  street- 
car system,  where  triphase  generators  are  employed  phiSTdi. 
at  the  central  power  station,  with  step-down  trans- systcmTo 
formers  and  rotary  converters  at  the  sub-station,  isJiSctSai 


di». 
:or 
can. 
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shown  in  Fig.  301.  Here  we  find  a  central,  or,  as 
it  is  now  more  proper  to  call  it,  a  main,  power  sta- 
tion, with  the  triphase  alternating  current  genera- 
tors wound  so  as  to  produce  the  high  E.M.F.  neces- 
fieid^tri-"*  sary  for  direct  connection  to  the  transmission  cir- 
cratorf*""  cuits.  Such  pressurcs  will  vary  from  6,500  to  15,000 
volts,  according  to  the  character  of  the  district  to  be 
supplied  by  the  triphase  currents.  In  such  cases, 
any  type  of  triphase  generator  may  be  employed. 
The  form  shown  in  this  figure  is  that  of  the  revolv- 
ing field  type  of  triphase  generator,  since  this  form 
more  readily  permits  the  production  of  the  high- 
pressure  currents  that  are  required  for  this  char- 
acter of  transmission. 

An  examination  of  the  above  figure  will  show 
that  the  triphase  currents  produced  by  the  revolv- 
ing field  generators  pass  directly  to  a  switchboard. 
Such  boards  consist  of  two  distinct  parts;  viz.,  the 
part  which  is  connected  to  the  oil  circuit  breakers, 
which  act  as  switches,  and  which  are  placed  in 
Switch,  separate  brick  compartments,  and  the  operating 
triphase  panels,  which  only  are,  in  general,  accessible  to 
ftatfon.  ^^  the  attendant  at  the  sub-station.  These  operating 
panels  are  connected  with  the  ground  and  feeder 
wires  after  the  pressure  has  been  reduced,  by  the 
step-down  transformer  and  the  rotary  converter,  to 
the  five  hundred  odd  volts  required  for  the  opera- 
tion of  the  cars  in  those  portions  of  the  district 
that  are  supplied  by  this  sub-station.  It  will  be 
observed  that  the  system  represented  in  this  figure 
is  a  system  of  street  railways  employing  a  third  rail, 
so  that  the  direct-current  circuits,  after  leaving  the 
rotary  converter,  are  connected  with  the  third  rail 
and  the  feeder  cable  in  the  manner  rq)resented. 

At  each  sub-station,  only  two  of  which  are  shown 
in  addition  to  the  station  connected  directly  with 
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the  main  station,  the  same  arrangement  of  apparatus, 
as  regards  the  high-pressure  currents,  taken  from 
the  triphase  transmission  lines,  is  employed,  the  oil 
SS^  switches  and  step-down  transformers  being  placed 
SlKutioM  separate  and  apart  from  the  working  panels  of  the 
switchboard.  It  will  be  seen  from  the  figure  that 
each  sub-station  consists  practically  of  a  separate 
brick  inclosure  containing  the  oil  switches,  and  con- 
nected with  the  step-down  transformers,  and  the 
room  containing  the  rotary  converters  that  take 
the  current  from  the  step-down  transformers  and 
transmit  it  to  the  working  line  through  a  working 
panel  of  the  direct-current  switchboard. 

We  will  now  consider  the  construction  and  opera- 
tion of  the  rotary  converter,  by  means  of  which  the 
triphase  electric  currents  are  changed  to  direct  cur- 
rents of  the  neighborhood  of  five  hundred  volts, 
after  their  pressure  has  been  sufficiently  lowered  by 
the  use  of  step-down  transformers.  A  rotary  con- 
S>BJ?Scr.  verter  consists  practically  of  a  motor  and  a  dynamo 
combined,  the  motor  being  driven  by  suitable  elec- 
tric currents  taken  from  one  circuit,  which  may  be 
called  the  primary  circuit,  and  the  dynamo  deliv- 
ering current  into  another  circuit,  which  may  be 
called  the  secondary  circuit.  The  motor  may  be 
driven  either  by  means  of  direct  or  alternating  cur- 
rents, so  that  the  dynamo  may  deliver  either  direct 
or  alternating  currents,  either  at  the  same  pressures 
or  at  different  pressures.  In  all  cases,  however, 
the  total  amount  of  electric  energy;  f.^.,  the  watts, 
or  the  product  of  the  volts  by  the  amperes,  will  be 
somewhat  less  In  the  secondary  circuit  than  in  the 
primary  circuit,  owing  to  necessary  frictional  and 
other  losses  that  occur  during  the  conversion.  Ap- 
paratus of  this  general  character  may  take  a  variety 
of  forms. 
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The  motor  and  the  cfynamo  may  be  tnedianicaUy 
OHinected  together  on  the  same  shaft     An  unforta- 
nate  lack  of  uniformity  formerly  existed  as  r^ards 
the  names  given  to  this  piece  of  apparatus,  which  oosSaat* 
has  been  variously  called  a  djmamotor,  a  motor  dy-  o^^'^ 
namo,  a  motor  transformer,  a  rotary  traosfonner,  a  "^ 
motor  converter,  and  a  rotary  converter.     In  order 
to  bring  about  a  uniformity  in  the  use  of  names  for 
apparatus  of  this  character  the  Committee  on  Stand- 


FiG.  ja.— Motor-^nentor,  General  Elcctllc  Company'!  Type, 

ardization,  of  the  American  Institute  of  Electrical 
Engineers,  have  proposed  names  for  this  type  of 
^paratus  that  are  now  generally  adopted  l^  dec- 
trlcal  writers.  In  accordance  with  this  st^ges- 
ticm,  the  apparatus  eon^sting  of  a  motor  and  a 
generator,  mechanically  connected  together,  is  called 
a  motor-generator.  A  motor-generator,  of  the  Gen- 
eral E^tric  CcHnpany's  type,  is  shown  in  Fig.  302.  mo« 
Here  the  alternating  part  of  the  apparatus  is  seen 
at  the  right-hand  side  of  the  figure,  and  the  direct- 
current  part  on  the  left-hand  side. 

Sometimes  the  transforming  device  consists  of 
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both  motor  and  dynamo,  placed  in  one  magnetic 
field,  either  with  two  separate  armatures,  or  with 
a  single  annature  on  which  are  two  separate  wind- 
inga.  Such  a  machine  is  now  called  a  dynamotor. 
As  these  machines  are  generally  c^rated,  the  direct 
DrwDMor  current  required  is  obtained  by  employing  alternat- 
it^  currents  to  drive  the  motor  side  of  the  appa- 
ratus, and  taking  the  direct  current  from  the  direct- 
current  generator.  It  is  evident,  however,  that  the 
reverse  of  this  operation  would  be.  possible. 

Another  form  of  transforming  device  consists  of 
a  machine  in  which  the  same  armature  windings 
play  the  part  of  both  motor  and -dynamo.     Such  a 


Pio.  JOS.— Action  of  RoUry  CoaTErtcr. 

machine  is  now  generally  called  a  rotary  converter. 
The  action,  by  means  of  which  it  is  possible  to 
obtain  the  required  results  from  a  single  armature 
winding  will  be  seen  from  an  inspection  of  Fig.  303, 
where  a  ring  core  is  wound  with  the  usual  ring  wind- 
ing. Two  collecting  brushes,  A  and  B,  are  con- 
nected to  portions  of  the  winding  directly  opposite 
each  other.  When  this  ring  armature  is  plated  in 
the  bipolar  fields  N,  S,  shown  in  the  figure,  and 
supplied  with  direct  current  in  the  usual  way,  by 
brushes  placed  at  -j-  and  — ,  the  armature  will  re- 
volve as  a  motor,  and  alternating  currents  can  be 
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taken  from  the  collecting  rings  A  and  B.     In  the 
same  manner,  if  alternating  currents  are  fed  to 
the  armature  through  the  collecting  rings  A  and  B, 
this  armature  will  also  revolve  as  a  motor,  and  a 
direct  current  can  be  taken  from  the  brushes  at  4' 
and  — .    As  the  apparatus  is  arranged  in  the  figure,  ^JJn* 
Uniphase  alternating  currents  will  be  supplied  from  f^^^^ 
the  armature  when  it  is  driven  as  a  motor  by  the*^'^*"^ 
direct  current     In  order  to  obtain  diphase  or  tri- 
phase  alternating  currents,  it  is  only  necessary  to 
tap  the  armature  windings  at  four  equidistant  points 
for  diphase  currents,  and  at  three  equidistant  points 
for  triphase  currents. 

Where  a  rotary  converter  is  employed  to  produce 
direct  current,  by  supplying  it  with  single-phase  al- 
ternating currents,  the  converter  is  operated  as  aa?SS^ 
synchronous  motor.  In  such  cases  it  is  necessary 
to  bring  the  converter  up  to  speed  by  the  use  of  a 
separate  motor,  but  where  the  converter  is  driven 
by  diphase  or  triphase  currents,  as  an  induction  mo- 
tor, no  such  extraneous  driving  is  necessary  in  cwder 
to  bring  it  up  to  speed. 

A  triphase  rotary  converter,  of  the  General  Elec- 
tric Company's  type,  is  shown  in  Fig.  304,  where 
the  alternating-current  side  is  at  the  right  of  theTriphatc 
machine,  and  the  direct-current  side  at  the  left.  The  convener, 
armature  of  this  converter  is  wound  in  the  same 
manner  as  the  winding  of  a  direct-current  genera- 
tor. The  field  winding  is  also  similar  to  the  direct- 
current  generator,  and  may  be  either  shunt-wound 
or  compound-wound.  The  sparking  at  the  commu- 
tator side  of  rotary  converters  is  far  less  pronounced 
than  in  the  case  of  direct-current  dynamos.  Several 
rotary  converters  can  be  operated  in  parallel.  Two  ro- 
tary converters  can  be  operated  together  in  series 
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for  three-wire  systems  of  distribution,  provided  the 
alternating  currents  are  supplied  from  separate  sec- 
ondary circuits. 

The  rotary  converter  is  a  marvellously  flexible 

fcSi^tr    machine,  and  affords  an  admirable  example  of  the 

readiness  with  which  alternating  and  direct  currents 

can  be  converted  into  each  other,  or  can  be  varied  as 

regards  their  pressure.     Consider,  for  example,  the 


— Trlpbaie  Rourr  Converter,  General  El< 
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number  of  possible  uses  to  which  a  rotary  converter 
is  capable  of  being  put ;  viz.,  when  supplied  with  al- 
ternating currents  it  will  deliver  direct  current; 
when  supplied  with  direct  current  it  will  deliver  al- 
ternating currents;  when  cminected  to  alternating- 
current  mains  it  will  act  as  an  alternating-current 
motor;  when  connected  with  direct-current  mains  it 
will  operate  as  a  continuous-current  motor;  when 
driven  by  mechanical  power,  as  a  generator,  it  will 
deliver  alternating  currents  that  may  be  either  sin- 
gle-phase, diphase,  or  triphase,  according  to  the  type 
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of  the  converter;  when  driven  by  tnedianical  power, 
as  a  generator,  it  will  deliver  direct  currents ;  when 
driven  by  mechanical  power,  as  a  generator,  it  is 
able  to  deliver,  at  the  same  time,  both  alternating  SS^ng 
and  direct  currents;  when  connected  with  continu- ^^iST 
ous-current  mains  it  will  deliver  mechanical  power 
from  its  pulley,  and  yet,  at  the  same  time,  it  will 
deliver  alternating  currents  from  its  collector  rings ; 
finally,  when  connected  with  alternating-current 
mains,  it  will  deliver  mechanical  power  from  its  pul- 
ley, while,  at  the  same  time,  it  is  furnishing  electric 
current  from  its  commutator. 


Fig.  yj.— Hap  of  IheHetropoUUn  Street  R&UmySTtUm  of  New  York  Clt)F. 

The  advantages  of  the  high-pressure  triphase-dis- 
tribution  of  current,  for  street-car  lines,  and  other 
purposes  where  direct  current  is  required,  has  led 
to  the  employment  of  such  a  system  in  a  number  of  ti?5i»»e  _ 
large  plants,  and  it  would  appear  that  similar  sys- of  «n^™i°" 
tems  will  soon  come  into  general  use.     It  will  be  reponun  ' 
interesting,  therefore,  to  examine  somewhat  briefly  NeU'vwk 
into  the  details  of  a  system  now  in  operatiorL     We 
will  take,  for  this  purpose,  the  case  of  the  Metro- 
politan Street  Railway  of  New  York  City.     This 
great  electric  street  railway  system  covers  a  terri- 
tory that  is  represented  in  the  map  shown  in  Fig. 
305.    It  includes  all  the  surface  car  lines  on  the  isl- 
and of  Manhattan.    The  main  power-house  or  sta- 
tion is  situated  c»i  the  East  River,  at  96th  Street. 
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Here  are  installed  eleven  hnge  triphase  generators, 
^"Sr  ^  ^^  revolving  field  type:  These  generators  are 
field  type.  ^Qond  for  a  pressure  of  6,600  volts.  Each  genera- 
tor is  directly  connected  to  a  5,000  horse^power  com- 
pound-condensing engine,  and  is  capable  of  deliv- 
ering 3,500  K.  W.  each.  The  switchboard,  which 
is  situated  at  one  end  of  the  main  station,  togeth^ 
with  the  various  Qtrcnit-breakers  on  the  low-pressure 
side,  are  distributed  among  several  galleries,  so  as 
to  separate  them,  as  far  as  conveniently  possible, 
from  one  another,  and  thus  afford  plenty  of  room 
around  them  for  working.  Each  generator  is  con- 
trolled, as  r^rards  being  switched  into  or  out  of 
the  circuit,  by  means  of  oil  circuit-breakers,  that  are 
controlled  by  air  pressure.  Each  oil  circuit-breaker 
is  located  in  a  separate  brick  compartment,  so  as  to 
protect  the  other  switches  should  a  dangerous  arc 
form  at  one  of  them. 

In  each  of  the  sub-stations  there  are  from  three 
to  six  rotary  converters,  of  990  K.  W.  capacity  each, 
together  with  step-down  transformers  of  the  air- 
blast  type,  for  reducing  the  pressure  before  suRriy- 
ing  the  current  to  the  rotary  converters.  These  con- 
verters are  built  to  supply  direct  current,  at  a  volt- 
S^N  age  of  550  volts,  to  the  trolley  wires  in  the  open 
conduit  system  employed  00  this  road.  The  Metro- 
politan Street  Railway  operates  some  1,200  electric 
cars  on  80  miles  of  trade. 

Another  instance  of  the  electric  transmission  of 
power  is  found  in  the  system  of  electric  plowing. 
Such  a  system  is  represented  in  Fig:  306,  where  the 
electric  plow  takes  its  driving  current  from  readily 
movable  trolley  lines  that  conneGt  with  the  generat- 
ing plant  by  the  line  shown  in  the  figure.  In  order 
to  save  time  in  the  rq)lacing  of  the  tenqxvary  trc^tey 
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line,  the  plow  is  so  ccMistructed  as  to  cut  three  f  ur- 
ptoSi^     rows  simultaneously.    This  plow  operates  somewhat 
faster  than  the  ordinary  man  can  walk. 

One  of  the  best  examples  of  long-distance  trans- 
mission of  electric  power  is  found  in  the  case  of  the 
Standard  Electric  Gmipan/s  and  the  Bay  Counties 
Power  Company's  lines  in  California.     A  map  of 
this  district  is  given  in  Fig.  307.    The  Bay  Com- 
pany's Unes  extend  from  Colgate  to  Oakland,  a  dis- 
tance of  152  miles.     From  Oakland  to  San  Fran- 
diitriS"^  Cisco,  by  the  Standard  Electric  Company's  lines, 
Vjt\^     there  is  an  additional  70  miles,  so  that  tfie  entire 
J^ii^.    distance  from   Colgate  to   San   Francisco  is    222 
ted  power.  jjjj|^     From  Missiou  San  Jose,  the  power  is  trans- 
mitted backward  over  the  Standard  Company's  lines 
to  Stockton,  where  several  thousand  horse-power 
are  distributed  every  day,  at  a  distance  of  218  miles 
from  its  point  of  generation  at  Colgate. 

The  Bay  Counties  Power  Company  was  formed 
by  the  combination  of  a  number  of  separate  electric 
transmission  plants.  Originally  it  consisted  of  the 
combination  of  two  small  plants  situated  about  30 
miles  from  each  other — the  Nevada  County  Power 
Company,  which  supplied  Nevada  City  and  neigh- 
Bay  coun-  boring  towns,  and  the  Yuba  Power  Company,  which 
Company,  adopted  the  plan  of  employing  a  fall  in  one  of  the 
irrigation  canals  or  ditches,  saving  the  tail-water, 
for  water  is  a  most  valuable  article  in  countries 
where  irrigation  is  necessary,  for  the  irrigation  of 
the  lower  districts. 

In  a  somewhat  similar  manner,  the  Standard  Elec- 
tric Company  practically  had  its  beginning  in  the 
Blue  Lakes  Water  Company,  incorporated  some  31 
years  ago  for  supplying  water  to  the  mines  in  the 
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neighborhood.     This  company  had  constructed  an 
elaborate  ditch  system  of  more  than  80  miles  in 
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length.      Under  the  lead  of  Prince  Poniatowski, 
this  company  was  merged  into  a  larger  corporation. 
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the  Standard  Electric  Company,  who  formally  an- 
likStS*  nounced  tfieir  purpose  of  transmitting  power  to 
Company.  ^^^  Francisco,  at  a  distance  then  estimated  at  no 
miles.  This  plant  is  designed  to  employ  a  pressure 
(Ml  the  lines  of  50,000  volts.  In  order  to  obviate 
the  difficulties  that  exist  in  all  districts  where  the 
rainfall  is  irregular,  and  characterized  by  heavy 
falls  during  one  season  of  the  year,  followed  by  pro- 
tracted droughts  at  other  seasons,  it  has  been  de- 
cided to  erect  extensive  reservoirs,  with  a  storage 
capacity  in  excess  of  the  most  protracted  periods  of 
drought. 

Dr.  F.  A.  C.  Perrine,  from  whom  the  preceding 
information  has  been  obtained,  thus  describes  the 
Pwrtafc*^  power  plant  of  the  Standard  Electric  G>mpany: 

"From  the  power-house  at  Electra,  the  lines  lead 
through  hill  and  dale  through  the  city  of  Stockton 
on  to  the  little  town  Mission  San  Jose,  along  the 
stSK^  shores  of  San  Francisco  Bay,  a  distance  of  100  miles 
s^  jS?*"  from  the  power  plant.     At  this  point  the  lines  di- 
verge north  and  south,  and  are  here  controlled  as 
a  centre  of  distribution  for  the  system.     Thence  they 
run  north  about  28  miles  to  Oakland  and  south  to 
San  Jose,  around  the  Bay,  and  up  to  the  north  to 
San  Francisco,  making  a  total  transmission  distance 
of  154  miles — 34  miles  further  than  was  originally 
contemplated,  for  the  reason  that  originally  it  was 
intended  to  cross  the  hills  direct  to  Oakland  and 
cross  the  Bay  district  to  San  Francisco,  but  permis- 
m!uauL    sion  could  not  be  obtained  from  the  Government  to 
waJ  iSigth.  erect  poles  and  cross  the  lo-mile  stretch  of  navigable 
^°***'        water  between  Oakland  and  San  Francisco,  where- 
as the  expense  of  submarine  cables  would  have 
amounted  to  as  much  as  the  remaining  expense  of 
the  entire  line,  the  change  in  the  distance  and  the 
lengthening  of  the  line  being  made  further  justifiable 
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by  the  fact  that  all  aroand  the  Bay  are  towns  large 
and  small,  which  fcnm  satisfactory  customers  for 
the  power.  The  plant  is  now  nearing  completion, 
but,  as  I  have  already  said,  these  men  who  have 
invested  in  the  Standard  Electric  Cotnpaxky,  have 
faith  enough  in  the  engineering  that  they  are  doing 
to  be  so  sure  of  success,  that  they  are  unwilling  to  ex- 
periment with  their  customers,  and  only  enter  upon 
their  period  of  regular  operation  after  they  have  sat- 
isfied themselves  with  their  plans  and  their  construc- 
tion work.  In  Oakland,  San  Jose,  and  San  Fran-^Sy 
Cisco,  they  have  added,  as  an  additional  safeguard  Sfsl^^ 
against  interruption  of  service,  storage  battery  cimjS^y. 
plants,  and  have  installed,  for  charging  these,  motor- 
generator  sets  capable  of  being  used  in  such  a  man- 
ner that,  should  accident  occur  along  the  lin^  both 
the  alternating-current  and  direct-current  service 
can  be  maintained  by  means  of  the  batteries.  This 
company  is  entitled  to  much  of  the  credit  for  the 
exceedingly  long-distance  transmissions  on  the  Pa- 
cific Coast,  and  while  it  may  be  unfortunate  for 
their  immediate  glory  that  other  plants  are  in  opera- 
tion before  theirs  is  ready,  their  customers,  in  later 
years,  will  have  reason  to  thank  them  for  the  care 
with  which  they  have  taken  every  step.  Since  their 
plans  were  laid  out  and  the  work  begun,  the  Bay 
Counties  Company  found  that  they  could  make  ^mppu^^ 
contract  with  the  Folsom  CcMnpany,  who  supply  SJ  pS^t 
Sacramento,  and  whose  plant  was  deficient  in  capac- 
ity. Accordingly,  they  built  to  that  city  a  line  60 
miles  in  length,  which  they  operate  at  40,000  volts, 
supplying  current  in  conjunction  with  the  10,000- 
volt  plant  20  miles  away  at  Folsom.  The  two 
plants,  one  at  Colgate,  60  miles  from  Sacramento, 
operate  in  parallel  with  the  Folsom  plant,  20  miles 
from  Sacramento.  Later  on,  the  Bay  Counties 
Company  built,  and  are  now  operating,  a  line  152 
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miles  in  length,  frcxn  their  plant  to  the  city  of  Oak- 
land.    To  reach  this  city  they  had  to  cross  the 
navigable  straits  of  Carquinez,  through  which  the 
deep-water  grain  ships  go  frcwn  San  Francisco  Bay 
to  the  principal  coast  grain-shipping  port  of  Porta 
Costa.     Fortunately,  these  straits  are  bordered  with 
high  hills.    At  these  hills  they  erected  towers,  and 
stretched  their  cables  with  a  span  exceeding  4,000 
feet,  effecting  one  of  the  most  remarkable  feats  that 
have  ever  been  attempted  in  long-distance  power 
transmission,     As  the  sub-stations  and  lines  to  this 
point  belonging  to  the  Standard  Electric  Company 
were  ready  for  operation,  this  company  have  bought 
a  large  amount  of  power  from  the  Bay  Counties 
Power  Company,  which  they  transmit  south  to  Mis- 
sion San  Jos^  and  thence  to  Stockton,  San  Jose,  and 
up  around  the  Bay  as  far  as  Redwood  City,  effect- 
diJuuice     ing  a  total  transmission  for  the  Bay  Counties  Ccwn- 
riSSp&t   pany  of  198  miles  to  San  Jose,  200  miles  to  Red- 
£r«t2"    wood  City,  and  218  miles  to  Stockton.     These  dis- 
tances are  met  successfully  in  every-day  working, 
and  the  interruptions  in  supply  have  at  no  time  been 
serious,  nor  has  there  at  any  time  been  any  reason  to 
feel  that  the  work  is  at  all  of  an  experimental  char- 
acter.    Up  at  Colgate  their  generators  run  day  and 
night,  supplying  power  to  these  distant  points  with 
the  result  that  the  company  is  successful  not  only 
from  an  engineering  point  of  view,  but  financially 
successful  with  the  success  that  has  given  confidence 
and  strength  to  all  electrical  transmission  securities 
along  the  Pacific  Coast.  These  plants  operate  lights, 
mines,  railroads,  flour  mills,  and  in  every  operation 
have  given  such  service  to  their  customers,  that,  in 
spite  of  the  fact  of  recent  discoveries  of  large  quan- 
tities of  fuel  oil,  their  only  difficulty  is  to  find  enough 
power  to  supply  the  demand  made  upon  them." 
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Belt-Dnyen  Alternators,  85 

Belt-Driven  Compound-Wound  Alterna- 
tor, General  Electric  Company's,  90 

Belt-Driven  Dynamo,  7 

Belt-Driven  Generator,  General  Electric 
ComfMuiy's,  44 

Belt-Driven  vi.  Direct-Driven  Dynamos, 

Belt  Tightener  for  Electric  Motor,  43a 
Bicycle  Headlights,  Electric  Lamps  for, 

Bipolar  Dynamo,  as 

Bipolar  Dynamos,  la 

Bipolar  Motor  for  Continnous  or  Direct 
Electric  Currents,  413 

Bipolar  Slow-Speed  JQectric  Motor, 
Crooker-Wheeler's,  43a 

Bipolar  Slow  -  Speed  Electric  Motor, 
Crocker-Wheeler's,  Armature  of,  433 

Blackening  of  Globes,  Dimming  of  In- 
candescent Electric  Lamps  by,  311 

Blossom    and     Gardiner's     Incandescent 

Blow-Out,  Magnetic,  for  Car  Controller, 

474 
Blowers  and  Exhaust  Fans,  Motor-Driv- 
en, Use  o^  in  Ventilation,  439 
Blowing  of  Safety  Fuse,  354 
Blown  Globes  for  Arc  LampiL  219 
Blown  Incandescent  Lamp  Globes,  390 
Boards,    Distributing  or  Panel,   353 
Bodies,  Car,  468 
Boiling    Point   of   Carbon,    Temperature 

of,    129 

Bonding  for  Rails  of  Electric  Street 
Railway  Tracks,  485 

Bouliguine's  Incandescent  Carbon  Elec- 
tric Lamp,  263 

Bo3o  Sand,  for  Electric  Street  Railway 
Motor,  473 

Boxes,  Cut-Out,  35a 

Boyle,   114 

Bracket  Lamps,  Use  of,  314 

Bracket  Supports  for  Trolley  Wire  for 
Double-Track  Road,  476 

Bradley.  501 

Bradley's   Multiphase  Motor,   504 

Brakes,  Air;  for  Electric  Street  Rail- 
way, 471 

BrakOB,  Electric,  for  Electric  Street 
Railway.  471 

Brakes,  Hand,  for  Electric  Street  Rail- 
way, 471 

Branch  Wires  and  Taps,  353 

Break-Down  Switch,  35s 

Brief  Life  of  Paper  Carbons  for  In- 
candescent Electric  Lamps,  268 

Brightness  or  Brilliancy  of  Incandescing 
Lamp  Filament,  298 

Broad  Claim  of  Davenport's  Patent  for 
Early  Electric  Motor,  460 

"Broomstick  Train,"  455 

Brush  Multi-Circuit  Arc-Light  Genera- 
tor. 236 

Brush    Multi-Circuit    Arc-Ught    Genera- 


ton    Armature    and    Commutator    of, 

236 
Brush    Multi-Circuit    Arc-Light    Genera- 
tor, Arrangement  of  Circuits  of,  236- 

237 
Brusn    Multi-Circuit     Generator,     Auto- 
matic Regulator  fon  239 
Brushes,  Carbon  and  Metallic  Collecting, 

for  Dynamos,  40 
Brushes,    Cari»on,    Use   of,    for   Electric 

Motors,  4^0 
Brushes^  Collecting,  of  Dynamo-Electric 

Machine,  8 
BrusheSt      Coounntatof,      of      Dynamo^ 

Sparking  at.  50 
Brush's  Uouwe-Carbon  AB-Nig^  Lamp, 

198 
"Building  Up"  of  Dynamos,  63 
Bulbs   of  Incandescent   Electric   Lamps, 

Exhatittion  of,  295 
Bunsen,   i«i 

Bunsen  Photometer,  143 
Bunsen's  Artificial  Carbons,   152 
Bunsen's  Voltaic  Battery,   152 
Bus-Bars   and   Feeders,    Connections   of 

Generators     to,     at     Central     Power- 

House,  487 


CE.M.F.  and  Resistance  of  Carbon  Vol- 
taic Arc,  135 

Cable  Cars,  456 

California    Electric   Transmissions,    Per- 
rine  on,  536 

California,    Long-Distanoe    Transmission 
Systems  of,  534 

California,    Map  of  Great   Transmission 
Companies  of,  53  c 

Call    Bells,    Electro-Magnetic,    for    Elec- 
tric Street  Railways,  489 

Candelabra  and  Sign  Lamps,  Series,  330 

Candelabra  Tramps.  329 

Candle,  Jamin's  Electric,  162 

Candle,  Standard,   139 

Candle,  Standard,  Circumstances  Affect- 
ing Reliability  of,  141 

Candle,  Wilde's  Electric,  161 

Candles,    Oil    Lamps,    and   Gas-jets    vs. 
Incandescent   Electric  Lamps,   349 

Candle-Power  and  Illumination,    140 

Candle-Power,  450  Watt  Arc,  149 

Candle-Power,   Maximum,   14b 

Candle-Power,  Mean  Hemispherical,   149 

Candle-Power,   Mean   Horizontal,    148 

Candle-Power,  Mean  Spherical,   148 

Candle-Power   of   Arc    Ligh^    Difficulty 
of  Measuring,  149 

Candle-Power  of  Luminous  Source,   139 

Canopj  Switch,  488 

Capacity  and   Self-induction,    Effect  of, 
in   Alternating-Current   Circuits,    70 

Car  Bodies,  468 

Car  Controller  for  Electric  Street  Rail- 
way Motor,  472 

Car  Controller,  Magnetic  Blow-Out  for, 

474 
Car  Heaters,  Electric,  488 
Car  Trucks,   468 
Car  Wheels,  Flat,  472 
Cars,  Air-Motor,   456 
Cars,   Cable,   456 
Cars,  Electric  Street,  456 
Cars,  Horse,  -495 


Carbon  tad  UcUllic  Collectlnf  Bnnhes 

for  DjnuuBiM,  «o 
Carbon    Arc,    Caiue    of    Splutteiinc    of, 

Cariin    Arc,    Conditions    Ncccuary    for 

Maiataining,  iji 
Carbon  Arc.  Counter  E.M.F.  of,  134 
Carbon    Ar&    Effect    on.    br    Incnuing 

Cotreot  Slrength,    130 
Carbon  Arc,   FlaminB,   Came  of,   134 
Carbon    Arc,    Formation    ol    Oione    in, 

138 

Carbon    Arc,    Hiidni    Sotiiid    Produced 

Carbon  Arc  Lamp,  Harriaon'a  ALl-Nigb^ 

Carbon   Arc-Light,  Hand   EteguUtor  for. 

Carbon  Area,  Altematinff-Cnrrent,  IJ? 
Carbon    Bruibca    for    Electric    Uotor*, 

Carbon    CotreMing    Bruahea    for    Dyn»- 


Carbon  Incanduoent  Electric  Lamp, 
Boulrguine'a,   163 

Carbon  lacandeacent  Elisctna  Lampi 
Manr  InTentort  NeccMary  for  Pro- 
duction oi,  169 

Carbon  Incandeacent  Lamp  Filaments 
Structural  and  StnietnreleM,  aSj 

Carbon  ,Lanp  Filament*,  Flaibing  Pro^ 

Carbon    Lamp    Filaments,    Length!    and 

Diameter*  of.  and  Candle- Poirer,   101 
Carbon-Plate    Are    Lamp^    Pilaen'a    AU- 

Night.  197 
Carbon  Voltaic  Arc,   117 
Carbon  Voluie  Ar,   Crilo-  in  PoaltlTe 

Carbon  of,   ia6 
Carbon  Voltaic  Are,  Tttyft  Earlr  Public 

Exhibition   of,   117 
Carbon   Voltaic  Arc,   Fonnatian  of  B.J- 

drocranic  Add  in,   119 
Carbon    Voltaic   Arc    Fomuiion   of   Ni- 

troua  (Mde  in,  i>)> 
Carbon  Voltaic  Arc,   Pfarnca  of.   tat 
Carbon   Voluie  Are.    Poaitian  of   Higb- 

eat  Temperstnre  in.  1*7 
Carbon  Voltaic  Arc,  Three  Distinct  Por- 


»  ??■.' 


Carbon*,  Appearance  of,  in  Enclosed  and 
Open  Lamp  Globe  Wbile  Maintaining 

CsrbDci,    Arc    LiRht,    Exposure    of,    to 

PnJosged  Action  of  Heat,  191 
Carbons.   Archercau'*  ArtiSaal,    189 
Carbons,  Artificial,  for  Arc  Ughting,  187 
Carbons,  Bonsen's  Artificial,  ija 
Carbons,  Carre's  Artificial,   189 
Carbon*.   Copper-Coated,   191 
Carbons,   Cored.    191 
Carbons,  Feeding  of  A 
Carbons.  For«S  I^I 


:  I^mp*  bj,   174 


Carbons.    Paper.^  for 
cent  Electnc  Lampi 


Carbons.  Solid  Arc  Light.   193 

Carbons,     Staite    and  Edwards'*    , 
ciaL    1S8 


"  i.    -1.        ^jij   Feeder* 

Centri  Station,  Hudranm  Load  of.  3s8 

Central  Underground  Railway  Companj. 

London,  Electric  Loeomotins  for,  496 

Charactensiie    Colors    of    Metallic    Vol- 

Characteriatica  of   Eneloaed  Arc  Lampa, 


Thro« 


Clwaper    and    Better 

^    .^_    ..   Up. 

Use,  308 

lum     of     iDcuincicenT 

— .. ,  ,,i 

Children   and    Da^a   Incandeadag  Me- 
tallic Condnelon.  *4S 
5 bolting  Coil.  i~< 
holring  Coil*.  ; 


of   Motor- 


.?*?, 


I    Organ*.    Advant 
Art^gemenl 
Breaker,  Antomatic  Railway,  4{ 


of  Nemat  Lamp. 


for  Autoi 

Out  for  Arc  Lampa,  177 
CircDit   Connections   for  Thomson-HooB- 

ton  Arc  Li^  Dfiumo  and  Antomatic 

Regiilator,  Diagram  of,  140 
Ciicmt    Connections  of  Altemating-Ctv- 

rent  Arc  Lamp*.   loS 
Orcidt      Connections      of      Six  -  Glower 

Nernat  Lamps.   17a 


Drcnit,  Shunt 
Circuit*.  Consli 
Circuit*,    Com 

Inductionleaa,    78 
■-  ■  ■  ■      Are-LigU    - 
Connected  Ai 


-Cnrrent  Arc  IJgfat,  1 68 
it-Fotential    Arc    Light, 


Qrcuita,    Multiple   Arc-Light,    16G 


arcomstt 


9  Affecting  the  Amount  of 
iciioo  in  Dynamos,  40 
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Circnmittnoes  Dctermiiilnc  Strengtli  of 

Electro-Dynamic    Force,    4x4 
Circumstances  DctermininR  tbe   Lots  of 

Heat  and  Light  by  Incandeacing  Fila- 

menta,  275 
Circamatancea     Determining     Valoe     of 

Hysteretic  Losa»  38 
Cities,    Raind   Transit   and   the   Grovth 

Qiunce.  m 

Qarke*s   Magneto-Electric  Generator,  69 

Qeats  and  Knoba,  Porcelain,  for  Inside 

Closed  Coil  Arc-Light  Generators,  Dan- 
geroua  Increase  of  Preasare  on  Cir^ 
cnit  of,  by  Suddenly  Opening  Circiiit» 

Coi£  Cboldng.  73,  309 

Coil,   Economy,  209 

Coils,     Heater,    for    Nemst    Antomatie 

Lamp.  364 
Coils.   Heater,  for  Nernst  Lamp^  ^66 
C^nage   Prooesaea  Employed  at  United 

States   Mint  at   Philadelphia,   443 

>ld  Light.  a77 
ctittg  01 


>Ilcctuig  Brush  Friction,  40 

>necting  Brushes  of  Dynamo,  Lead  of, 

x8 
Orflecting   Brushes   of   Djmamo-Electrie 

Machine,  8 
Colored  and  Colorless  Incandescent  Ele^ 

trie  Lamp  Bulba,  ^32 
Combination     Electric    Light    and    Gaa 

Fixtures,  348 
Commercial   Arc  Lighting,   Unsuitabilxty 

of  Charcoal  or  Gaa  Retort  Carbon  for, 

xsx 
Commercial    Failure    of    Early    Electric 

Motors,  Reasons  for,  406 
Commercial  Sale  of  Electricity.   3^6-362 
Committee     Appointed     by     Cincinnati 
Board    of    Legislation,     Opinion    oL 
Concerning     Different      Methods     01 
Street  Lighting,  207 
Commutation^  Diameter  of,  x8 
Commutator    and    Armature    of    Brush 
Multi-Circuit  Arc-Light  Generator,  2^6 
Commutator  Brushes  of  Dynamo,  Spoxs^ 

ing  at,  so  

Commutator,  Four-Part,  for  Drttm  Arm- 
ature, so 
Commutator    of    Dynamo-Electric    Ma- 
chine, 7 
Commutator,  Two-Part,  Action  of,  15 
Commutator,  Use  of  Lubricant  on,  51 
Composition  of  Sunlight,    144 
Compound-Wound  Alternators,  84 
Compound- Wound  Arc-Light  Generatora^ 

242 
Compound-Wound    BeH-Drxren    Alterna- 
tor,    Westinghouse    Omxpany's    Type 
of,  86 
Compound-Wound  Drnamo,  56 
Compound-Wound    Dimamo,    Automatic 

Regulating  Action  of,  56 
Compound- Wound   Dynamos,    la 
Compound- Wound      Dynamoa,      General 

Uses  of,  57 
Compound-Wound  Electric  Motor,  420 
Compound-Wound   Electric   Motor,   Self- 

Governing  Power  of,  420 
Compound  -  Wound       Motor,       Diagram 

Showing   Connections   of,   420 
Concentric   Tubular   Conductors,    74 


x6o 
Condu< 


Condenser  Reactaaoe.  7a 

Conditions  for  Reversal  of  Rotatioo  of 

Electric  Motor,  390 
Conductinir  Loop   Uyriamo,    Electric  In- 
duction of,  in  Bi^ar  Field,   14 
Condttctxxxg    Loop    Rotated    in     Sipolar 
Field,    Direction   of    Alternating  Cur- 
rent Flow  in.  67 
Conductora,  Concentric  Tubular,   74 
Conductors,  Conical  or  Taperixig,   323 
Conductors,    Difference   in    Weightso^ 
in    High   and    Low   Current   Circuits, 
169 

ictors.  Movable  Electric,  Causes  of 
Attractiona  and  Repulsiona  oi,  411^ 
CbnductofB    or    House    Wires,    Electric, 

3$o 
Conductors  or  Leadmg-ln  Wires  for  In- 
candescent Electric  Lamps,  286 
Conductors,    Rehttive    Weighta    of.    Re- 
Quired  for  Different  Systems  of  X^smp 
Distribution,  328 
Conical  Hood  for  Arc  Lamp^  axa 
Conical   or  Tapering  Conductors,    32* 
Conical    Spiral    Filament    for    Incanoes- 

ccnt  Lampa,  340 
Constant-Current  AHematora,    x  x  x 
Constant-Current  and  Constant-Potential 
Mains,  Use  of  Electric  Motors  on,  422 
Constant-Current  Arc  Ltp:ht  Circnits,  x6S 
Constant-Current    Arc-Light   Cxeneratots, 

Constant-Current  Circulta,  Alternating 
Electric  Lamps  for,  200 

Constant^Cnrrent  Circuita  vs,  Constant- 
Potential  Circuits,   1 70 

Constant-Current  Dvnamo,  xi 

Constant-Current  Dynamo-Electric  Ma- 
chine, XX 

Constant-Current  Transformer,   201 

Constant-Current  Transformer.  Use  of, 
for  Series  Distribution  of  Alternating- 
Current  Incandescent  Lamps,  319 

Constant-Potential   Alternators,    x  x  i 

Constant-Potentia]  and  Constant-Current 
Mains,  Use  of  Electric  Motors  on,  4(22 

Constant-Potential  Arc-Light  Circmts, 
x68 

Constant-Potential  Arc-Light  Geneia- 
tors,  234 

Constant-Potential  Circuits,  Alternating 
Electric  Lam^  for,  200 

Constant-Potentia]  Orcuits.  Employment 
of,  for  Arc  Light  Distribution,   X71 

Constant-Potential  Circuits  vs.  Constant- 
Current  Circuits,   170 

Constant-Potential  Dynamo,   xx 

Constant-Potential  Dynamo-Electric  Ma- 
chine,  x  X 

Constant-Potential  Mains,  Connection  of 
Groups  of  Series-Connected  Incandes- 
cent Electric  Lamps  Aeroas,  320 

Constant-Potential  Mains,  Connection  of 
Series-Wound  Motc»8  in  Series  Across, 
422 

Constant-Potential  Mains,  IMstribatioa 
of  Multmle  -  Connected  Incandescent 
Electric  Lamf>s  on.  3x8 

Constant-Potential  Maina,  Distribution 
of  Series-Connected  Incandescent  Elec- 
tric Lamps  on,  3x8 

Constant- Potential  Mains,  General  Elec- 
tric Companjr's  Type  ot  Endoaed  AfC 
Lamps  for,   x8x 


INDEX 
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Constant-Potential  Mains,  Parallel  Con- 
nection of  Incandescent  Electric 
Lamps  on,  331 

Constant  •  Potential  Mains,  Series  •  Coa- 
nected  Arc  Lamps  on,   178 

Constant-Potential  Mains,  Series  Incan- 
descent Lamps  for,  339 

Continuous  anJ  Alternating:  Currents^ 
Analogue  of,  to  Flow  in  Tidal  Rtrera, 

65 
Continuous-Current  Carbon  Voltaic  Arc, 

Distribution  of  Light  of,  146 
Continuous-Current  Drnamo,  6 
Continuous-Current    Motors,     Efficiency 

of,  421 
Continuous  Electric  Currents,  Definition 

of,  64 
Continuous  or  Direct  Electric  Currents, 

Bipolar  Motor  for,  4x3 
Controller  Box,  Switch  Handle  fon  475 
Controller,     Car,     for     Electric     Street 

Railway  Motor,  472 
Controller,  Series-Parallel,   47^ 
Controller,    Series-Paralld,    Action    of, 

Converter,  Motor,  527 

Converter,  Rotary,  jay 

Converter,  Rotary,  Action  of,  528 

Converters,  Rotary,   K2j 

Converters,  Rotary,  for  Sub-Stations  in 
Transmission  Systems,  526 

Cooper-Hewitt   Vapor  Lamp,   375-370 

Cooper-Hewitt  Vapor  Lamp,  Daylight 
Valued  o^  37S 

Cooper-Hewitt  Vapor  Lamp,  Description 
of,  376 

Cooper-Hewitt  VajK>r  Lamp.  Devices  to 
Prevent  Flickering  in,  378 

Cooper-Hewitt  Vapor  Lamp,  Forms  of, 
377-378 

Copper-Coated  Carbons,  loa 

Copper  Conductors  on  Dynamo,  Eddy 
Currents  Produced  in,  35 

Core  Disks  of  Armature,  31 

Core  Disks,  Use  of,  in  Laminated  Cylin- 
drical Armature,   32 

Core  Transformer,  General  Electric  Com- 
pany's Laminated,   loa 

Core  Transformer,  Lamination  of,  xoa 

Core  Transformers,   102 

Core  Type  of  Transformer,  General  Elec- 
tric Compansr's,    103 

Cored  Carbons.  Effect  of,  in  Increasing 
Steadiness  of  Voltaic  Arcs,  ia8 

Cored  Carbons,  191 

Cores,  Armature  and  Magnet,  Lamina- 
tion of,  29 

Cores  of  Armatures  or  Magnets,  Direc- 
tion of  Lamination  of,  30 

Corrosion,   Electrolytic,   486 

Coulomb  Per  Second,   11 

Counter  E.M.F.  of  Carbon  Arc,   134 

Counter  E.M.F.   of  Electric  Motor,   415 

Counter  E.M.F.  of  Motor,  Great  Value 
of.  415 

Counter     E.M.F.'s    of    Carbon     Voltaic 


Arc,   Probable   Causes  of,    i 
rater   in    Positive 
perature  of,    131 


Crater   in    Positive   Carbon,    High   Tem 


;1^4 


Crater  in  Positive  Carbon,  the  Place  of 
Highest  Temperature  in,  131 

Crosier  and  Wheeler  on  Diseases  of  Dy- 
namos, 50 

Crocker  on   Direct-Driven  Dvnamoe,  4> 


Crocker-Wheeler  Motors,  Use  of,  in 
United  States  Mint  at  Philadelphia, 
44a 

Crocker  -  Wheeler  Sextipolar  Electric 
Motor.  ^42 

Crocker-Wheeler  Slow-Speed  Bipolar 
Electric  Motor,  43a 

Crocker-Wheeler's  Slow-Speed  Bipolar 
Electric  Motor,  Armature  o^  433 

Cross-Wire  Suspension  of  Are  Ximpe, 
ai3 

Current  and  Electro-Motive  Force  Re- 
quired for  Alternating-Current  Arc^ 
138 

Current  Strength  and  Ohmic  Resistance, 
Effect  of,  on  Quantity  of  Heat  De- 
veloped in  Circuit,  27 

Current  Strensth  and  Pressure  for  En- 
closed Arc  Lamps,   180 

Current  Strengths  and  Voltages  Em- 
ployed  in  Arc   Light   Projectors.   22^ 

Currents.  Alternating  Electaric,  Defini- 
tion of,  64 

Currenu  and  Voltages  Required  for 
Small  Batterjr  Lamps,  33s 

Currents,  Continuous  Electric,  Defini- 
tion of,  64 

Currents,  Diphase  Alternating,  sps 

Currents,    Diphase   Alternating  Electric, 

79 

Currents,  Eddy,  a8 

Currents,  Foucault,  a8 

Currents,  Multiphiise  Alternating  Elec- 
tric, 79 

Currents,  Parasitical,  a8 

Currents,  Pol]rphase  Alternating  Electric, 

79 
Currents,  Jriphase  Alternating  Electric, 

505 

Curve  Representing  Alternating-Current 
Flow  in  Alternating-Current  Circuit, 
67 

Curve  Representing  Tidal  Flow  of  Wa- 
ter in  River,  66 

Cut-Out,  Automatic  for  Heater  Coils 
of  Nernst  Lamp,  365 

Cut-Out  Boxes.  35a 

Cut-Outs,  Automatic,  for  Service  Wires, 

351 
Cycle,  Definition  of,  65 

Cjrclc,   Symbol  for,  65 

Cylindrical    Armature    Core,    Disks    for 

Lunination  of,  3a 


D.     MacFaklanb    Moork's    System    of 
Vacuum-Tube  Lighting,  3S2 


of  Rheostat,  425 
Dangers,  Nature  ot,  from  Trolley  Wires, 

478 
Dash  Pot,  Use  of,  in  Arc  Lamp,   176 
Davenport.  459  .     ,,  « 

Davenport's   Early    Electric  Motor,    Pat- 
ent  for,   460 
Davenport's  Electric  Motor,  399 
Davidson.   460 

Davidson's    Electric    Motor,    400 
Davidson's    Early    Electric    Locomotive, 
460 
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DftTv  and  CUMrii's  Incaadnoiaf  Me- 
taUic  CondvctonL  34s 

Davy  and  the  Carbon   volUk  Arc,   117 

Dvvj^a  Aooouat  of  Hit  Early  Demon- 
stration of  tbe  Voltaic  Arc,  1x9 

Davy'a  Raperimenta  on  Electro  Magnrtic 
Rotatioo.  agj 

Day^a  V^tttc  Arc>  Singer'a  DoKiiption 
o£  118 

DaylW>it  Color-ValiMa  of  Noraat  Ijaqv 
368 

Daylicfat,  Spocltum  oL  141 

Dy liSit  ViKiea  of  CooperSewItt  Vapor 

D^ylicbt    vUttea  of   Incandeadng  Flte- 

men^  ayi 
Daylight  Valtica   of   Incandeadng   F1]»> 

me^  ££Fect  of  Temperature  oa,  aya 
De      ChangVa      Incandescent      Electric 

Laoqib  a^D 
Deeriflg  Hanrester  Company  at  Chicago^ 

Conaumptkni  of  Elecmc  Hone*Power 

lMr^446  , 

DennitioB  of  Activity*  9 
Definition  of  Alternating  Electric  Cor- 
6« 


Definition  of  Alternation,  6jS 
Definitioa  of   Continnoua  Electric 

renti^  64 
Definition  of  Cyde,  6c 
Definition  of  Dynamo-Eloelrie 
Definition  of  Electrolkn^  314 
Definition  of  Period,  6s 
Definition  of  Stator,  510 
Definition  of  Rotor,  %\o 
Definition  of  Work,  9 
Deflagrating  or   Heating  Power  of  the 

Viroie  Art  uo 
De  la  Roe's  Endoaed  Incandeadng  Me* 

tallic  Wire,  J47 
Delenil  and  Areberean'a  Early  Outdoor 

Arc  Lighting,  155 
De  Moleyna.  156 
De  Moleyna*  Early  Incandeacent  Electric 

Liamp,  348 
Densi^  and  Conducting  Power  of  Arti- 

ficial  Carbona,  188 
Dental  Lamps,  336 
Dental   Side  Seal  Incandeacent  Electric 

T«ainpw,  336 
Deposited  Ijunp  Filament  Joints,  Copper, 

a87 
Deposited  or  Graphitic  Carbon  Obtained 

by  Flashing  Process,  285 
Description    of    Cooper  •  Hewitt    Vapor 

Lamp,  376 
Design    and   Construction   of  Dynamoa, 

Influence  of.  58 
Desk   Lamp,    Incandescent  Electric.   346 
Development  of  Electro-Dynamic  Povoe, 

Cause  of,  411  ,         , 

Devices  for  Turning  Down  Incandeacent 

Electric  Lamps.  34J 
Diasram     of     Connection     of     Shunt- 
wound    Motor    to    Constant-Potential 

Mains,  436  ^  .  •  ^ 

Diagram  Showing  Connections  of  Com- 


Diagram  Showing  Connections  of  Series- 
Wound  Motor,  419 
Diagram   Showing   Connections   of   Two 


Series- Wound  Motors  In  Seriea  Across 

Constant-Potentia]  Maina,  4aa 
Diagrammatic    Representation    of   Series 

and  Shunt  Magneta  in  Are  Lvnp^  173 
Diameter  of  Commutation,  18 
Diameter  of  Conmratation,  Spaiting  Due 

to  Change  In,  %z 
Differential  Arc  Lamp^  174 
Dimming  of  Incandeacent  Electric  Lamps 

by  Blackening  of  Globes,  31X 
Disadvantagea  and  Advantagea  of  High- 

Frequent  AltenMtlng>Cnrre]it  Gener* 

atora,  8x 
Diaadvantagea  of  Increadng  Voltage  on 

Aged  Lampa,  408 

D^tnaae  Alternatmg  Currents,  |ps 

Diphase    Alternating    Electric    Currents, 

Dipnaae  Currents,  How  Obtained,  s^S 
Diphaae  Syateni,  Production  of  Rotating 

llagnetk  FIdd  1^*  S08 
Diphase  System  with  Four  Conductors, 

506 
Diphaae  System  with  Three  Cooductois, 

^06 
Direct-Connected  Dynamo,  7 
Direct  Coupling,  Aovantsgea  ol,  43 
Direct-Current  Arc,   Uneqiial   Coxmunp- 

tion    of    Positive   and   Negative    Cir- 

bona  in,  133 
Direct-Dnven  Dynamoa,  Crocker  on,  4J 
Direct-Driven  Dynamoa,  Large   Size  of, 

4^ 
Direct-Driven  Exhaust  Fan.  ^40 
Direct-Driven    RevolvlniP-Fiela    Alterna- 
tor, General  Electric  Company's  Type, 

Direct-Drivrii  vs,  Bdt-Diiven  Djrnamos, 
41 

Direct  Motor-Driven  Macldnery,  Rapid 
Extension  of,  4a  i 

Direct  or  Continuous  Electric  Currents, 
Bipolar  Motor  for,  413 

Direction  of  Action  oz  Electro-Dynamie 
Force,  41X 

Direction  of  Alternating-Current  Flow 
in  Conducting  Loop  Rotated  In  Bipo- 
lar Field,  67 

Direction  of  Lamination  of  Cores  of 
Armatures  or  Magneta,  30 

Dischargea,  Testa's  Higk'Kvquency,  38< 

Diseases  of  Dynamoa,  Crocker  ana 
Wheeler  on,   50 

Disk  Armatures  for  Alternators,  83 

Disks  for  Lamination  of  Cylindrical 
Armature  Core,  3a 

Distributing  or  Panel  Boards,  ^52 

Distribution  of  Current,  Trq»luise.  of 
Metropolitan  Street  Railway  System 
of  New  York  City,  531 

Distribution  of  L»nps  for  Indoor  Il- 
lumination, 3x3 

Distribution  of  Light  from  Differently 
Shaped  Incandesdng  Lamp  FHaments, 
307 

Distribution  of  Light  of  Alternating- 
Current  Carbon  Voltaic  Arc,   148 

Distribution  of  Light  of  Continuous  Cur- 
rent Carbon  Voltaic  Arc.   146 

Distnbution  of  Multiple-Connected  In- 
candescent Electric  Lamps  on  Con- 
stant-Potential  Maina,  ^18 

Distribution  of  Series  and  Multiple-Con* 
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nected    Incandescent    Electric    Lamps, 

317 

Distribution  of  Series-Connected  Incan- 
descent Electric  Lamps  on  Constant- 
Potential  Mains,  ^18 

Divergence  of  Projector  Rays,  Advan- 
tage of  Slight,  229 

Double-Carbon  Arc  Lamp,  Use  of.  on 
Series-Connected  Circuits  with  Open 
Globe  Lamps.  199 

Double-Curl  Anchored  Filament  of  In- 
candescent Lamps,  301 

Double-Curl  Filament  of  Incandescent 
Lamps.  30X 

Double- Filament  or  Twin  Incandescent 
Electric  Lamp,   344 

Double-Loop  Type  of  Incandescent  Elec- 
tric Lamp  Filament,  294 

Double  or  Single-Track  Roads,  Span- 
Wire  Support  for  Trolley  Wire  of,  477 

Double  TroUey  for  Electric  Locomotives, 

495 

Double-Trolley  System,  481 

Double-Truck  Four-Motor  Electric  Street 
Car,  460 

Double  -  Truck  Four  •  Motor  Equipment 
for  Electric  Street  Cars,  468 

Double  U-Sbaped  Filament  of  Incan- 
descent LamML  301 

Drip  Loop  of  Electric  Conductor,  351 

Drop  of  Pressure  on  Long  Transmission 
Lines,  323 

Drum  Armature,  Four-Part  Commuta- 
tor for,  so 

Drum  Armatures,  19 

Duboscq's  Arc  Lamp  Mechanism,   155 

Dttboscq  s  Automatic  Arc-Light  Regu- 
lator, 164 

Dynamo,   Action  of  Shunt-Wound,  55 

Dynamo,    Air-Churning   of,    Loss    from, 

38 
Dynamo,  Alternating-Current,  6 
Djmamo   and    Motor,    Discovery   of  Re- 
versibility of,  406 
Dynamo,   Belt-Driven,   7 
Dynamo,  Bipolar,  25 
Dynamo,  Compound-Wound,  56 
Dynamo,   Constant-Current,    1 1 
Dynamo,  Constant- Potential,   11 
Dynamo,   Continuous-Current,  6 
Dynamo,  Direct-Connected,  7 
Dynamo  Diseases,  Crocker  and  Wheeler 

on,  50 
Dynamo,  Efficiency  of,  9 
Dynamo- Electric  Generator.   Parts  of,   6 
Dynamo-Electric  Machine,  Armature  of,  6 
Dynamo  -  Electric     Machine,     Collecting 

Brushes  of,  8 
Dynamo- Electric    Machine,    Commutator 

of,  7 
Djmamo-EIectric  Machine,  Definition  of,  5 
Dynamo- Electric    Machine,    Field    Mag- 
nets of.  7 
Dynamo- Electric    Machine,    Great   Value 

of,  as  an  Electric  Source,  61 
Dynamo- Electric    Machine,    Pole    Pieces 

of,  7 
Dynamo-Electric    Machines,    Bipolar,    12 
Dynamo- Electric     Machines,     Compound- 
Wound.  12 
Dynamo- Electric  Machines,  Immense  Size 

of,  63 
Dynamo- Electric    Machines,    Multipolar, 

IS 


Dynamo- Electric  Machines,  Self- Excited, 
12 

Dynamo  -  Electric  Machines,  Separately 
Excited,    12 

Dynamo  -  Electric  Machines,  Series- 
Wound,  12 

Dynamo  -  Electric  Machines,  Shunt- 
Wound,    I  a 

Dynamo,  Faraday's  Simple  Conducting 
Loop,  x^ 

Dynamo,  Horns  of,   34 

Dynamo,  Intake  of,  o 

Dynamo,  Lead  of  Collecting  Brushes  of, 
18 

Djrnamo,  Motor,  527 

Dynamo,   Output  of,   p 

Dynamo,   Reaction  Principle  of,  63 

Dynamo,   Self-Oiling  Bearings  for,  39 

Dynamo,   Shunt-Wound,  54 

Dynamo  Troubles,  49 

Dynamo,  Why  Output  is  Necessarily 
Xess  than  Intake,  27 

Dynamos,  Advantages  of  Caibon-CoUect- 
ing  Brushes  for,  41 

Dynamos,  Bipolar^  xa 

Dynamos,  "Building  Up*'  of,  63 

Dynamos,  Carbon  and  Metallic-Collect- 
ing Brushes  for,  40 

Dynamos,  Circumstances  Affecting  the 
Amount  of  Bearing  Friction  in,  40 

Dynamos,  Circumstances  Affecting  the 
Amount  of  Collecting  Brush  Friction 
in,  4X 

Dynamos,   Compound-Wound,    xa 

Dynamos,  Compound  -  Wound,  General 
Uses  of,  ^7 

Dynamos,  Direct-Driven  vs.  Belt-Driven, 

4X 
Dynamos,  Direct-Driven,  Limit  of  Speed 

of,  41 
Dynamos,  Efficiencies  of  Large,  4X 
Dynamos,  Heating  of,  57 
Dynamos,  Multipolar,   xa 
Dynamos,   Self-£xcite<L   xa 
Djmamos,   Separately  Excited,   xa 
Dynamos,   Series- Wound,    is,  53 
Dynamos,  Shunt-Wound,   12 
Dynamos,   Temperature  Limits   of,   58 
Dynamos,  Three  Bearing,  39 
Dynamotor,  527 


E.M.F..  Counter,  of  Carbon  Arc,   X34  . 

E.M.F.'s,  Lag  of,  76 

E.M.F.'s,  Lead  of,  76 

£.M.F.'s  of  Dynamo  Armature,  Effect 
of  Speed  of  Armature  on,  8 

E.M.F.'s  Produced  by  Dynamo,  Meth- 
ods of  Increasing  Value  of,  8 

Early  Form   of  Vacuum-Tube  Lighting, 

"4 

Early  Forms  of  Lamp  Filament  Joints, 
2S7 

Early  History  of  Incandescent  Electric 
Lamp,  244,  269 

Early  Incandescing  Electric  Lamp  Fila- 
ments, Short  Lite  of,  278 

Early  Workers  in  Electric  Street-Car 
Propulsion,  459 

Economy  Coil,  209 

Economy  of  Separate  Motor-Drive  of 
Machinery,   435 
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Eddr  CarfentB,  aft 

Eddy  Currents  in  Copper  Conductors  on 
DynwnOi  35 

Eddy  Currents,  Influence  oU  in  Pro- 
ducing DccceMed  lAaanetic  Flux  in 
Armaturet  32 

Eddy  Currenia*  Loss  Due  to  Hirating 
of  Armature  Coils  br,  33 

Eddy  ar  Paraaitical  Currents.  Develop- 
ment  of,  in  Pole  Pieces  01  Dynamo, 
a8 

Edison  Effect  in  Incandeaaent  iMmp,  331 

£diaoii  Nkrht  Lanp,  34a 

Edison's   Bamboo  Filaments,   a68 

Edison's  Chemical  Ampira  Hour  Meter, 

Edison's  Chemical  Meter,  Thermo-Static 
Electric  Heater  for.  360 

Edison's  Early  Work  on  Incandeaoent 
Electric   Lamp,   a66 

Edsaoiifa  Electnc  Meter,  Why  Diaooai- 
tinued,  36a 

Edwm'a  filcctric  Railroad  at  Menlo 
Park:  463 

Edison  s  Imi>roved  Plattnnm  Incandaa- 
cent  Electric  Lamp*  a66 

Ediaon'a  Pafter  Carbona  for  Incandes- 
cent Electric  Lampa,  267 

Edison's  Series-Connected  Multiple  Can- 
delabra and  Sign  Lamps,  329 

Edison's  Three-Wire  System  of  Incan- 
descent Electric  Lamp  Dkrtribtition, 
326 

Edison  vs.  Field  luteifcience  Strit  as 
Regards  Priority  of  Invention  of 
Electric  Motor,  ^3 

Effect  of  Lamination  of  Magnet  Cores 
on  Production   of  Eddy  Currents,  30 

Effect  of  Ohmie  Resistance  and  Current 
Stren^h  on  Quantity  of  Heat  Devel- 
oped m  Circuit,  27 

Efficiencies  of  Lsvge  Dynamos,  41 

Efficiencies  of  Transformers,    no 

Efficiency  of  Continuous-Current  Motors, 

Efficiency  of  Dynamo,  9 

Efficiency  of  Incandescing  Filament,  Ef- 
fect of  Temperature  on,  270 

Efficiency  of  Nernst  Lamp,  368 

Electric  Activity  or  Power,  Practical 
Unit  of,    IX 

Electric   Activity,    Practical   Unit  of,    xx 

Electric  Brakes  for  Electric  Street  Rail- 

.     way,  471 

Electric  Candle,   Tablochkoff's,   X58 

Electric  Candle,   Tamin's,   x6a 

Electric  Candle,  Wilde's,   i6x 

Electric  Car  Heaters,  488 

Electric  Conductor,  Drip  Loop  o^  35^ 

Electric    Currents,    Diphaae  Alternating, 

505 
Electric  Currents,   Triphase  Alternating, 

505 
Electric   Elevator  at  Washington  Monu- 
ment, 453 
Electric    Energy,    Various    Systems    for 

Transmission   of,    387 
Electric  Generator,  Uim>rella  T]rpe  of,  43 
Electric    Hoisting    by    Alternate    Action 

of  Gravity  and  Counter- Weight,  501 
Electric  Horses  vs.  Real  Horses,  459 
Electric  House  Wires  or  Conductors,  350 
Electric  Incandescent  Bicycle  Lamps*  337 


Electfic    IncaBdeacent    TfiT^    MLanuf ac- 

ture  of.  2S2,  297 
Electric  Jewela,  xii 
Electric    Lamp,    Farmcr^a    Incandeacent, 

264 
Electric  Lampa   for  Bicycle  Headligbta, 

337 
Electric  Light  and  Gas  Fixturca,    Com- 

binatii»,  34B 
Electric  Light,  Wataon  and  the,  115 
Electric  LifKhting  an  Art,   113 
Electric    Lighting,    Influence   of    Voltaic 

Battery  on  ProUem  of,  xi6 
Electric    Locomotive,    Davidaon'a    Early, 

460 
Electric  Locomotive,  Field'a  Early,  463 
Electric  Locomotive^  Page's,  461 
Electric  Locomotive%  400,  496 
Electric  LocomotiTes,  Advantafles  of  the, 

491 
Electric    Trf)c.flmntives,    Air    Brakes    ior, 

493 
Electric   Loeomotsres^  Air  Whistle   for, 

496 
Electric    Locomotives,     DouUe    Trolley 

for,  495 
Electric   Locomotives  for   Emdpment  of 

Central    Uadnground    Rauway    Com- 
pany of  London,  496 
Ewctnc   Locomotii^ea,   Poaaible   Compart 

Structure  of,  49a 
Electric      Locomotives,      Series  -  Parallel 

ControUera  for,  493 
Electric   Locomotives,   Where    Eq>ecia]ly 

Serviceable,  490 
Electric  Locomotora,  490 
Electric  Meters,  356 
Electric     Meters,     Some     Requirements 

for»  357 
Electric  Motor,  Barlow's  Star^Whedi,  394 
Electric  Motor,   Belt  Tightener  for,  43a 
Electric    Motor,    Compound-Wound.    420 
Electric  Motor,  Counter  E.M.F.  or,  415 
Electric  Motor,  Dal  Negro's,  396 
Electric  Motor,  Davenport's,  399 
Electric   Motor,   Davenport's  Patent   for 

Early,  460 
Electric  Motor,  Davidson's,  400 
Electric    Motor-Driven    Milling    Machine 

at  United  States  Mint  at  Philadelphia, 

443 
Electric  Motor,   Elias's^  400 
Electric  Motor,  Essential  Parts  of,  39a 
Electric   Motor,    Faraday^s    Early,    389 
Electric    Motor    for    Driving    Elevators, 

Holtaer-Cabot  Type  of,  45a 
Electric   Motor,    Froment's,   401 
Electric  Motor,  Jacobi's,  396 
Electric   Motor,   Pacinotti  s,  405 
Electric  Motor,  Page'a,  403 
Electric  Motor,   Series-Wound,  419 
Electric  Motors,  Advantages  of,  421 
Electric    Motors,    Advantages    of    Multi- 
phase   Alternating     Electric     Currents 
for  Operation  of,  505 
Electric  Motors,  Character  of  Losses  in, 

4^7 
Electric    Motors,    Cause   of    Failure    of 

Early,  46a 
Electric  Motors,  Methods  for  Reversing 

Direction  of  Rotation  of,  425 
Electric   Motora,    Probable   Direction   of 

Future  Improvements  in,  445 


at  Failure  of  Evlji,  4(>« 
EleetriE  Moion,  KeduGlion  Gear  for,  4|a 
Electric  Motors,  SwsrUal*  EMJtcd,  417 
Electric   Uotiu*,    S&tut-Wcnuid,    4>S 
Electric   Hoton,  Slow-Sptt^  4^ 
Electric  Maton,  Uk  of  CailMia  Bnwhe* 

Electric  Flowiiv.   131 

Electric    Powei    'nuunanon,    Snb-SU- 

tioos  for,   J13 
Electric    Pitatam    «ad    CornuM    En- 


ot  tS» 


'>   »*«.. 


Eltttnc    Railroad    ■ 


Uj^eiT 
Mcnlo   Pai^   Edi- 


;tric      Rnlarix 

niUd  Stataa,  4ta 

iric   RailwiT.   Fidd'a   Eaily   Patent 


Qrctric  Slreot  Car,  Two  Lvge  Uoton 


£leotric    Street    Can,    Coxnt  ruction    of 


Electric  Stmt  Can,  General  Uetbod  of 

Operation  of,  467 
Electric  Street  Cari,  Neceaaitf  for  Good 


Street      Cai^ 

Rapid  Growth  of,  464 

electric  Street  Cart,  Trip! 
inc  Sjajem  for^  ji* 

Electric    Slieet    Can,    Un 

Overfaead  Feeden  for,  ^4 


Electric  Street  Railwaj,  467,  489 
Electric  Street  Railwar,  Air  Biabl  for, 


47", 


Street  RailwaT,   Electric  BrRkea 


Electee    Street    Railway,    Hand    Brakea 

Electne  Street  Railmy  Uotor,  Cor  Con- 
Electric     Street    Railway    Motor,     Sand 

EletlHc    ^t^     Railway     Trado,     Rail 

Bondine  for.  48] 
Electric    Street    RiilwaTS.    Electro  ■  Mag- 

ne<»  Call  Bella  far.  4S9 
Electric  Switchboards,  353 
Electric  Tiansmiiaion  of  Encrgr-'-AdTan- 

tagei  oX   Orer  Other   Sntems.    lEB 
Electric   Transmisalon   of  Power,   Appli- 

cationa  of,   516 
Electric    Ttaniniaaion    of    Power.    Baiti 

for,  516 
Electric    Traction    vt.    Steam    Traction, 

ElKlric  Welding  of  Rail  Joints,  ^s 


DUter- 


3t   Ke- 


El  of  Ac- 

E  of,  ta 

OHier, 

□eetro-Dnamica,  General  Lawa  of,  410 
Electn»-Magnelic    Cootict    Trolley    Sja- 

ElFctro-KnKtic  Motor,  Pue's,  Trial 
of,  on  Baltimore  k  Onio  Railroad  be- 
tween   Waahinston    and    Bladensbatg> 

EleMro-Mionetic  Hotor,   Ritdue's,   300 
Electra-Magnetic    Rotation,    Dirfa    Ex- 

Electro-Magnetic      RotMlan,      Wollaston 

00,  391 
Electro  ■  Magn 


Motors.    EJectiic,    Some    Be- 

Eliai'a  Electric   Motor,   40a 

Elihn     Thomson's     Mafnelie    Blow-Otit, 

Elihu  Tbomson'a  Watt-Hoar  Meter,  361 
Endoacd        Alternating  -  Current        Arc 

Lamps,   AdvantEgea  of.    io6 
r^nclosed  Arc   Lamp.   Manhattan,   181 
^clfHed    Arc   Lainpa,    179 
Enclosed    Arc  Lamps,    Current   Strength 

and  Pressuic  for,  180 
Enclosed    Arc    Lamps,    General    Electric 

Companys  Type  of,   tor  Conslanl-Po- 

tential  Mains,  181 
Enclosed    Arc    Lamps.    Shades    and    Re- 


Use    of    Arc-Ligl 
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EquaHser,  Feeder,  324 

Equaluer  Switch,  334 

Euitatliiui,  1x4 

Evaporation  of  Incandeicent  Carbon 
Filament,  aSi 

Exceaaive  Heating  in  Armature  Bear- 
inga,  Some  Canaea  o^  59 

Exhaust  Fan,   Direct-Driven,   440 

Exhaust  Fana  and  Blowers,  Motor-Driv- 
en, Use  of,  in  Ventilation  of  Roon», 

„439 

Exhauation,  Chemical,  of  Incandescent 
Lamp  Bttlba,  396 

Extinction  of  Voltaic  Arc  by  the  Ap- 
proach of  a  Magnet,  122 


Fan  MoTOBi,  Improvements  in,  449 

Fan  lllotors.  Some  Types  of,  448 

Fan  Motora  with  Variable  Speeds,  449 

Fana»  Ceiling  Suapenaion.  451 

Fans,  Small,  Adaptobility  of  Electric 
Motor  for  Driving,  447 

Faraday,  389 

Faraday  on  Action  of  Two-Part  Com- 
mutator, x6 

Faraday  on  Wollaston'a  Oaim  to  Prior- 
ity of  First  Conception  of  Electric 
Motor.  391 

Faraday'a  Early  Alternating  -  Current 
Transformers,  9s 

Faraday'a    Early    Electric   Motor,    389 

FaradaVa  Early  Electric  Motor,  Modi- 
fied Form  of,  303 

Farada]r'a  Simple  Conducting  Loop  Dyn- 
amo, 13 

Farmer.  461 

Farmer's  Early  Electro-Magnetic  Loco- 
motive, 461 

Farmer's  Incandescent  Electric  Lamp, 
264 

Feeder  Equalizer,  334 

Feeder  Equalizer,  Rheostat  for,  325 

Feeder  System  for  Electric  Street  Cars, 

483 

Feeder  System  of  Incandescent  Electric 
Lamp  Distribution,  323 

Feeders  and  Bus-Bars,  Connectiona  of 
Generators  to,  at  Central  Power- 
House,  487 

Feeders,  Trolley,  483 

Feedinjsr  Points,  483 

Ferraris,  50^ 

Ferraris  and  Tesla,  Preece  on  Their  In- 
dependent Discovery  of  the  Rotary 
Field  Motor,  503 

•Ferraris's   Early   Multiphase   Motor,   503 

Field  Flux,  Effect  of  Variations  of,  on 
Speed  of  Rotation  of  Electric  Motor, 
416 

Field  Magnet  Coils,  Speed  Regulation 
of  Motors  by  Varying,  426 

Field  Magnets  of  Dynamo-Electric  Ma- 
chine, 7 

Field's  Early  Electric  Locomotive,  463 

Fifty  Thousand  Volts  on  Transmission 
Lines,  536 

Filament,  Double-Curl  Anchored,  or  In- 
candescent Lamps,  301 

Filament,  Double-Curl,  of  Incandescent 
Lamps,  301 


Filament,  Double-Loop  Type  of  Incan- 
descent Electric  Lamp,  394 

Filament,  Double  U-Shaped,  of  Incan- 
descent Lamps,  30X 

Filament,  Horseshoe,  of  Incandescent 
Lamp%  MI 

Filament,  Incandescing,  Daylight  Values 
of,  ayx 

Filament,  Sina;le-Curl  Anchored,  of  In- 
candescent Lampa,  301 

Filament,  Single-Loop  Type  of  Incan- 
descent Electric  Lamp,  394 

Film  Cut-Out  for  Series-Connected  In- 
candeaoent  Electric  Lamps,  3x8 

Film  Cut-Outs  for  Series-Connected  In- 
candescent Lamps,  3x9 

Fire-Fly  and  Glow-Worm,  High  Lumi- 
nous Efficiency  oL  277 

Fire,  Risks,  Low,  of  Incandescent  Elec- 
tne  Lamps,  ^50 

First  Conception  of  Electric  Motor, 
Faraday  on  Wollaston's  Claim  to  Pri- 
ority of,  391 

Five  Thousand  K.W.  Alternator,  West- 
inghouse  Company^  88 

Five-Wire  System  ot  Incandescent  Elec- 
tric Lamp  Distribution,  328 

Fixtures  and  Appurtenances  of  Are 
Lamps,  211,  221 

Flaming  Carbon  Arc.  Cause  of,  134 

Flashixig  Process,  Automatic  Stoppage 
of.  on  Completion  of,  286 

Flashing  Process  for  Carbon  Lamp  Fila- 
ment^ 284 

Flat  Car  Wheels,  473 

Flexibility  of  Rotary  Converter,   530 

Flickering  of  Arc  Oght,  Causes  of,  128 

Flour,  Carbonizable,   190 

Flow  or  Flux  of  Lijs^ht,  140 

Flux  or  Flow  of  Light,   1^0 

Focusing  Arc  Lamp,  Positions  of  Car- 
bons in,  223 

Focusing  Arc  Lamps,  222 

Focusing  Lamp  and  Mirror  for  Search- 
light, 225 

Focusing  Lamp  for  Lantern  Projector,  231 

Focusing  Lamp  for  Locomotive  Head- 
lights, 232 

Fontaine's  Oaim  for  the  Invention  of 
the  Reversibility  of  Dynamo,  407 

Fontaine's  Exhibit  at  the  Vienna  Expo- 
sition, 407 

Foot-pound,  407 

Force,  Electro-Dynamic,  410 

Force,  Electro-Djmamic,  Cause  of  De- 
velopment of,  411 

Force,  Electro-Dynamic,  Cause  of  Re- 
versal of  Direction  of,  412 

Force,  Electro-Dynamic,  Circumstances 
Determining  Strength  of,   414 

Force,  Electro  -  Dynamic,  Development 
of,  in  Active  Conducting  Loop,  412 

Force,  Electro-Dynamic,  Direction  of 
Action  of,  411 

Force,  Electro-Dynamic,  Tendency  of, 
to  Place  Fluxes  Parallel  to  Each 
Other,   412 

Forced  Carbons,   191 

Form  of  Lamp  Mount  for  Sealing  to  In- 
candescent  Lamp  Bulb,    289 

Forms  of  Cooper-Hewitt  Vapor  Lamp, 
377»   378 
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Porwtiiia   aad   NMnic  of  Volla^  Arc, 

1 16 
Foacault  CurreML  18 
Fcwcaull    ot    EddV    Currenu,    Develop- 

mcnt  of,  in  Poke  Piecee  of  Djiiuno,  a8 
FoontUtiona,   Effect  ot  N«ki   Prodnixd 

by  Draunoa  in  Operation  on,  6a 
Four  Coaductorm,  Diptnac   Sjatcni  witl^ 


Double-Trnck 

tor  £.lectric  Street  Car*. 
Four-Wire  Syrtem  of 

trie  Lamp  Diatribtttion,   jaS 
Fnme,  TioUer.  480 
Ftequenctet  of  Alternating-Cnirent  Gen- 

Prictioa,  Cotlectiiic  Bnub,  40 
Frictional  Lone*  at  Journal  Beuin^ 

Dynamo,  3< 
Froment'a  Qectrie  Motor,  4D1 
Ftttore    Improrementa    in    Eleclnc    I 

ton.  Probable  Diiectioa  of,  445 


GAumn    and    Bloaaom') 

Electric  Lama  a]7 
Gai   and    Dectrtc   Ught  PixtnTeo,    Com- 


Candle*,    and   Oil    Lamps  vs. 
»nt    Electric    I^niM.    349 
ction,  tor  Qeetric  Holon,  430 


:    Company'a     Conitont- 


General    Electric   Company'a 

nectei)  Slow-Speed  GeneratL-,  ,_ 

General      Electric      CoRnunj'a      Direct- 
Driven  Revolnna-Field  Altenutot,  o> 

General    Electric   Company's   Electrically 
"  *  •'     ■■         sJiopg    --     '■-■- 


:    Scheneo- 


Machine    Sf 

tady.  New  York,  446 
General    Electric    Company'a    Hand-Con- 
trolled Searchlight  Projector,  aa 7^ 
General    Electric    Company'a    uininated 

Core  for  Core  Tranaformer,    loa 
Gencisl    Electric   Company'a   Method   of 

Winding    Field     Coila    of    RertdvtDg- 

Field  AJtemator.  93 
General    Electric    Company'a    OJl-Cooleil 

Type-H   Ttansfomier,    loj 
General    Deetric    Company*!   Series   Al- 

tematinB-CurreDt  Arc  Lamp,  304 
General    Electric   Company's    Shell  Type 


General    Electric   Con 
Electric   Motor,    41 


my-a   SI, 


Speed 

t  Hectrlc 

General    Kectrio    Company'a    Twin-Car- 
bon  Enclosed  Arc  Lamp,    18] 
General  Electric  Company'a  Type  of  In- 


udpie  of  /^oa  of  Step- Up 

ral    Uaea '  of    Sbont-Wonod    Dyni- 

ratiag    Station,    Ordinary    Complex 

d  Expensive  NotiiTc  of,  5aa 

rator.     Alliance     Magneto  •  Electric, 

rator.  Automatic  Regulating  Action 
Compound-Woon^  }6 
irator,      Bruah      Uulti-Orcuit     Arc- 
fht-  *36 

,    Magneto- Electric,   68 


t  UgH    I 


Generatora,       Constant  ■  Potential 

Light.  J34 

Generalora,    Incondcs . 

Generaloro,   Railway,  486 
Generalora.  Seconitity,  97 
Generators,  Tbermpeutx^^  13 
Generaiora,    Triphase    Revolving    Field, 

GluB,  Alabaater,   for  Arc  Lamp  Qobca, 

Glass  Mount  for  Sawytr-Mann  Incan- 
deaccnt  Lamp,  itc 

Glohe  or  Bulb  of  Ineandesccnt  Electric 
Lamp,  Neceaaity  for  Higb  Vacuom 
in.  378 

Globeo,  Arc-Light  Glass.  Percentage  of 
Light  Absorbed  by,  a  is 

Globes,  Blown,  for  Arc  Lamps,  aip 

Globes  for   Arc   Lamps.   ai8 

Glohea,  Molded,  for  Arc  Lamps,  aiS 

Glow-Worn  and  Fire-Ry,  Higt  Lumi- 
nous Efficiency  of. 


r  Neri 


■.  166 


Glower  of  Nemsl  Lamp,  ; 

Glowing  Wires,  Grove's  ^jmcnmEnu  on 

Effect  of  Surrounding  Gosea  on  Tem- 

peratun  of,  348 
Gradual  Failure  of  Incandescing  Electric 

Lamps,  308 
Gramme    Macbine,    Early    Exhibition    of 

Rereraibility  of,  408 
Gramme  Ring,  Soft  Iron  Wire  Core  of. 

Gramme  -  Ring  Armature  in  Bipolar 
Fields,  Direction  of  Currenla  Induced 
in  Separate  Coils  of,  » 

Grunme  Type  Uag^o-Electric  Ma- 
ad    Ring   Armature   in   Bi- 


Depostted    Carbon, 
of,  38s 

DepOBited  Csrbr: 
!   Process.  185 


High 
Obtained 


'  Electric  Motor, 

J....,,..    Suite's    Incand* 

^  bon  Electric  Lamp,  aji 
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tors  for  Incandescing  Electric  Lamps, 
Advantages  of,  307 

Grove's  Experiments  on  the  Effect  of 
Surrounding  Gases  on  the  Tempera- 
ture of  Glowing  Wires,  348 

Growth  of  Cities  and  Rapid  Transit,  457 

Guericke,  X14 

H 

HALT-SHiUDs  Reflectors  for  Incandescent 

Electric  Lamps,  346 
Hand   Brakes   for   Electric   Street   Rail- 

wav,  471 
Hand-Controlled    Searchlight    Projector, 

General  Electric  Company's,  227 
Hand-Driven  Magneto-Electric  Machine, 

^4 

Hand  Regulator  for  Carbon  Arc  Light, 

154 

Hand  Switch  for  Multiple-Conntected 
Arc  Lamp,  177 

Hand  vs.  Automatic  Arc-Light  Regula- 
tors,  176 

Hanger-Boards  for  Arc  Lamps,  3x4 

Hangers  and  Suspension  Cables  for 
Telpher  Tracks,  498 

Harrison's  AU-Night  Carbon  Arc  Lamp, 

195 
Hawkesbee.   114 

Hawkesbee's  Vacuum-Tube  Lamp,  ^80 
Heat    Enenpr.    Low    Pen^entage    ox,    in 

Vacuum-Tube  Lighting^  381 
Heater  Case  of  Nemst  Lamp,  373 
Heater     Coils     for     Nemst    Automatic 

Lamp,  364 
Heater  Coils  for  Nemst  Lamp.  366 
Heater,  Porcelain,  for  Nemst  Lamp,  365 
Heating  of  Dynamos,  57 
Heating    Power    of    Different    Artificial 

Illuminants,  350 
Henry,  72 
Henry,  or  Practical  Unit  of  Inductance, 

High  and  Low  Current  Circuits,  Differ- 
ence in  Weights  of  Conductors  of, 
169 

High  Emissivity  of  Graphitic  or  Depos- 
ited Carbon  of  Incandescing  Fila- 
ments, 285 

High  -  Frequency  Alternating  -  Current 
Generators,  Advantages  and  Disad- 
vantages of,  81 

High-Frequency  Discharaes,  Tesla's,  385 

High-Pressure  Electric  Power  Transmis- 
sion with  Transformers  at  Each  End 
of  Line,  518 

High-Pressure  Power  Transmission  for 
Very  Long  Lines,  520 

High- Pressure  Transmission  for  Street- 
Car  System  with  Rotary  Converters, 
Advantages  of,  523 

High  Temperature  of  Crater  of  Positive 
Carbon,  131 

Hiffh  Vacua  of  Incandescent  Electric 
Lamps,  Effect  of  Occluded  Gases  on, 
279 

High  •  Voltage  Incandescent  Electric 
Lamps,   304 

Highest  Known  Artificial  Temperature, 
131 

Hissing  Sound  Produced  by  Carbon  Arc, 
133 


Hoisting,  Electric,  by  Alternate  Action 
of   Gravity   and   Counter-Weight,    501 

Holophane,  Advantages  of,  221 

Holophane  for  Arc  Xamp,  220 

Holophane,  Objections  to  Use  of,  aai 

Holtzer-Cabot  Electric  Motor  for  Driv- 
inff  Elevators,  45a 

Hopuns's  Three-Wire  Sjrstem  of  Incan- 
descent Electric  Lamp  Distribution, 
326 

Horns  of  Drnamo,  34 

Horns  of  Motor,  35 

Horse  Cars,  455 

Horse-Power,  xo 

Horse-Power,  Enormous  Electric,  Re- 
quired  for  Electric  Street-Car  Trac- 
tion, 466 

Horseshoe  Filament  of  Incandescent 
Lamps,  30  X 

Horseshoe  Incandescent  Electric  Lamp 
Filament.  294 

Horses,  Why  Trolley  Wire  Pressures 
KiU,  478 

House  Fixtures  and  Wiring,  349,  355 

House  Wires  or  Conductors,  Electric, 
350 

House  Wirinff,  Safe  Distance  between 
Positive  ana  Negative  Mains  in,  351 

House  Wiring,   Service   Switch   for,  352 

House  Wiring,  Service  Wires  for,  351 

Houston  and  Kennelly  on  the  True  Path 
of  Electric  Currents,   75 

Humming  of  Alternating-Current  Arc, 
X58 

Hydroc]ranic  Acid,  Formation  of,  in 
Carbon  Voltaic  Arc,   129 

Hsrsteresis,  Magnetic,  37 

Hysteresis,  Meaning  of  Word,  37 

Hysteretic  Loss,  38 

Hysteretic  Loss,  Circumstances  Deter- 
mining Value  of,  38 

I 

Igniteb,  Jablochkoff's,  158 

Illumination  and   Candle-Power,    140 

Illumination  and  Light,   iao 

Illumination,  Artificial,  Advantages  of 
Alternating  Electric  Currents  for,  200 

Illumination,  Artificial,  Necessary  Prop- 
erties of,  139 

Illumination,  Electric,  of  Madison 
Square  Tower,  New  York  City,  315 

Illumination.  Intensity  of.  Application 
of  Law  01  Inverse  Squares  to,   141 

Immense  Size  of  Some  Dynamo-Electric 
Machines,   63 

Impedance,  How  Affected,  71 

Impedance,  Method  for  Decreasing  Value 

,  of.   73 

Impedance  of  Alternating-Current  Cir- 
cuit,  71 

Imperfect  Brush  Contact,  Sparking  Due 
to,   52 

Improper  Position  of  Brushes,  Sparking 
Due  to,  51 

Improved  Platinum  Incandescent  Elec- 
tric Lamp,   Edison's,  266 

Improved  Semi-Incandescent  Lamp,  Rey- 
nier's,   X63 

Improvements  in. Fan  Motors,  449 

Intake  of  Dynamo,  9 
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Incandesoent     Carbon     Electric     Lamp, 

Greener  and  Staite'sL  asx 
Incandescent  Carbon  Filament,  Evapora- 
tion of,  a8x 
Incandescent    Carbon    Lamp    Filaments, 

Stmctoral  and  Stnictureus^  383 
Incandescent  Electric  Automobile  Lamps, 

34  X 
Incandescent  Electric  Battery  Lamps,  334 
Incandescent  Electric  Ceiling  Lignt,  347 
Incandescent   Electric  Dental   Side  Seal 

Lamps,  336 
Incanoescent    Electric   Desk   Lamp,    346 
Incandescent  Electric  Lampj  Advantages 

of,    Over    Ordinary    Artificial    I^ipit- 

ing,  349 

Incandescent    Electric    Lamp    Base,    992 

Incandescent  Electric  Lamp  Bulbs,  £jc- 
haustion  of,  295 

Incandescent  Electric  Lamp  Bulbs,  Oc- 
dnded  Gas  Process  for  Obtuning 
Vacuum  in,  a8o 

Incandescent  Electric  Lamp  Cord  Ad- 
juster, 347 

Incandescent  Electric  Limp,  De 
Changy's,  256 

Incandescent  Electric  Lamp^  De  Mo* 
leyns'  Early,  248 

Incandescent  Electric  Lamp  Distribu- 
tion. Feeder  System  of,  ssj 

Incandescent  Electric  Lamp,  Early  His- 
tory of,  244,  269 

Incandescent  Electric  Lamp^  Ediaon'a 
Early  Work  on,  a66 

Incanaesoent  Electric  Limp^  Farmer'i, 
364 

Incandescent  Electric  Lamp  Filament, 
Horseshoe  Type  of,  294 

Incandescent  Electric  Lamp  for  Micro> 
scope,  340 

IncandMcent  Electric  Lamp  for  Street 
Railway  Cars,  488 

Incandescent  Electric  Lamp  Qobe,  Del- 
eterious EfFects  of  Residual  Atmos- 
pheres of  Oxygen  in.  J79 

Incandescent  Electric  Lamp,  Lane-Fox, 
a68 

Incandescent  Electric  Lamp^  Manufac- 
ture of,  38a,  397 

Incandescent  Ele^ric  Lamp,  Physics  o^ 
370,  381 

Incandescent  Electric  Lamp,  Starr*^  zm 

Incandescent  Electric  Lamp,  Ways^ 
Mercurial,  356 

Incandescent  Electric  Lamps,  Advan- 
tages of  Employment  of  Frosted  Lamp 
Globes  for,  313 

Incandescent  Electric  Lamps,  Aladdin 
Method  of  Exchange  of,  309 

Incandescent  Electric  Lamps,  Artistic 
Distribution  of,   for  Indoor  Lightins^ 

312  .       I 

Incandescent     Electric    Lamps,    Devices  J 
for  Turning  Down,  343  | 

Incandescent    Electric    Lamps    for    Lan-  \ 
tern  or  Stereopticon,  339 

Incandescent  Electric  Lamps,  Half-Shade 
Reflectors  for,  346 

Incandescent  Electric  Lamps,  High-Vol- 
tage, 304 

Incandescent  Electric  Ldmps,  Keyless 
Sockets  for,  395 


Incandescent  Electric  Lamps,  Low  Fire 

Risks  of,  350 
Incandescent    Electric    T^mpa^    Miners', 

338 
Incandescent    Electric    Lamps,    Multiple 
and  Series-Connected,  Distribution  o^ 

3x7 

Incandescent  Electric  Lunps  on  Arc- 
Light  Circuits,  318 

Incandescent  Electric  lamps.  Shades  or 
Reflectors  for,  34^ 

Incandescent  Electric  Lamps,  Socketless^ 
334 

Incandescent  Electric  Lamps,  Surgical, 
336 

Incandescent  Electric  Lamps  vs»  Candles, 
Oil  Lamps,  and  Gas  Jets,  349 

Incandescent  Electric  stick  jPins,  341 

Incandescent   Electric  Telephone   Lamp^ 

337 
Incaiidesoent    Electric    Watch    Charms» 

34X 

Incandescent  Filament,  Blackening  of 
Lamp  Globes  by,  381 

Incandescent  Filaments  and  Leading-In 
^ires.  Joints  between,  386 

Incandescent  Lamp^  Edison  Effect  in,  381 

Incandescent  Lamp^  Gardiner  and  Blos- 
som's, 357 

Incandescent  Lamp  Globes,  Blown,  390 

Incandescent  Lamp  Industry,  Enormous 
(arowth  of,  383 

Incandescent  Lamp  Key  Socket;  Action 
of,  395 

Incandescent  Lamp,  Ladiguine's  Multi- 
Carbon,  359 

Incandescent  Lamp  Renewals,  Necessity 
for  Frequent,  309 

Incandescent   Lamp,    Sawyer-Mann,   365 

Incandescent  Lamp  Voltam.  %o^ 

Incandescent  Lamps,  Conical  Spiral  Fil- 
ament for,  340 

Incandescent  Lamps,  Low- Voltage  High- 
Candle-Power,  303 

Incandescent  Lwht  Generators,  13 

Incandescent,  Mercurial,  Electric  Lamp, 
Ways's,  356 

Incandescent  Squirted  Carbon  Fila- 
ments, 383 

Incandescing  and  Incandescent  Lamps, 
Distinction  between,  370 

Incandescing  Conductors  of  Carbon, 
Wilde  on  Advantages  of,  360 

Incandescing  Electric  Lamps,  Gradual 
Failure  of,  308 

Incandescing  Filament,  Brilliancy  or 
Brightness  of,  398 

Incandescing  Filament,  Daylight  Values 
of    371 

Incandescing  Filament,  Effect  of  Tem- 
perature on  Luminous  Emissivity  of, 
378 

Incandescing  Filament,  Loss  of  Heat 
and  Light  Energy  of,  by  Radiation, 
375 

Incandescing  Filament,  Loss  of  Heat 
of,  by  Convection  in  Lamp  Globe,  374 

Incandescing  Filament,  Loss  of  Heat  of, 
by  Molecular  Impacts,  374 

Incandescing  Filament,  Necessity  for 
Maintaining  Constant  Pressure  at 
Terminals  of,  300 
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Incmndetcing  Filament.  Relation  between 
Candle*Power  and  Area  of  Croas-Sec* 
tion  o£,  399 

Incandeacing  Filament,  Small  Loaa  of 
Heat  of,  by  Conduction,  273 

Incandeacing  Filament,  Small  Proportion 
of  Luminoua  aa  Compared  with  Ther- 
mal  Radiation  Emitted  by,   276 

Incandeacin|r  Lamp  Filaments,  Uiatribu- 
tion  of  Light  from  Differently  Shaped, 
307 

Incandeacing  Lamp,  Uaeful  Life  of,  300 

Incandeacing    Lamp,    Waatefulneas    o^ 

Incandeacing  Metallic  Conductors,  Davy 
and  Chilaren'a,  345 

Incandescing  Metallic  Conductors,  Van 
Marum's,  245 

Incandescing  Metallic  Wire,  De  la  Rue^s 
Enclosed,  a47 

Incandescing  Metallic  Wires,  Children's, 
Apparatua  for,  246 

Inereasa  of  Current  Strength,  Effect  of, 
on  Carbon  Arc,  130 

Indoor  Illumination,  Diatribution  of 
Lamps  for.  31^ 

Indoor  Illumination,  Influence  of  Height 
of  Ceilings,  and  Color  and  Character 
of  Decorations  on  Number  of  Incan- 
deacent  Electric  Lamps  Required  for, 
3XJ 

Indoor  IHumination,  Number  of  Lamps 
Required  for,  under  Various  Cir- 
cumstanoes,  311 

Indoor  Lighting,  Artistic  Distribution 
of  Incandescent  Electric  Lamps  for, 
3XJ 

Inductance.  Practical  Unit  of,  72 

Induction  Motor,  Power  Factor  of,  78 

Induction  Motor  with  Starting  Resist- 
ance, General  Electric  Company's 
Type  of,  515 

Induction  Motors,  510 

Induction  Motors,  Advantages  of,  510 

Inductionless  Circuits,  78 

Inside  Wiring,  Porcelain  Knobs  and 
Cleats  for,  354 

Inside  Wiring,  Safety  Fuae  for,  354 

Insufficiency  of  Current  from  Voltaic 
Battery  tor  Arc  Light,  151 

Insufficient  Field  Flux,  Sparking  Due 
to,   5a 

Insulating  Medium  Surrounding  a  Con- 
ductor the  True  Path  of  the  Cur- 
rent, 75 

Intensity,   Luminous,   Standards  of,   140 

Intensity  of  Illumination,  Application  of 
Law  of  Inverse  Squares  to,  141 

Inverted  Arc  Lamp,  ax8 

Irishman's  Idea  ot  Telpherage,  497 

Irregularities  in  Commutator  Surface, 
Sparking  Due  to,   «i 

Isolated  Arc  Lamp  Switch,   215 


J.    T.   Thouson    on    Specific    Resistance 

01  Low  Vacuum  Tubes,  379 
Tablochkoff's  Electric  Candle.    158 
Jablochkoff's     Electric    Candle,     Algave 
and  Boulard  on,    159 


Jablochkoff'a  Electric  Candle,  Some  Re> 
aona   for   Commercial   Failure   of,    160 

ablochkoff'a  Ijpiiter,   158 

acobi's  Electric  Motor,  396 

acobi'a  Electrically  Propelled  Boat,  398 
^acobi'a   Knowledge   of   Reversibili^  of 

Dynamo  and  Motor,  406 
,  aoquelain's  Artificiid  Carbona,   x88 
,  amea  Watt,  11 
,  amin'a  Electric  Candle,  162 
,  ewela,  Electric,  341 
.  oints    between    Leading-in    Wires    and 
Ends  of  Incandescent  Filaments,  286 
joints,  Deposited  Lamp  Filament,  287 

bints.  Pasted  Lamp  Filament,  287 

ottle  or  Volt-Coulomb,   10 

oule  Per  Second  or  Watt,   xi 


KBTX.BS8  SocKxra  for  Incandescent  Elec- 
tric Lamps,  295 

Keyless  Sockets,  Use  of,  for  Electroliers 
and  Other  not  Readily  Aooessible 
Lamps,  3M 

Kilowatt,  XX 

Kilowatt,  Value  of,  in  Horse-Power,  11 

Knobs  and  Qeats,  Porcelain,  for  Inside 
Wiring,  354 

Konn  s  Improvements  on  Ladiguine's 
and  Koaloff's  Multi-Caibon  Incandes- 
cent Electric  Lamps,  261 

Konn's  Multi  -  Carbon  Incandescent 
Lamp,  Mechanism  of,  26a 

Koslofirs  Improvements  on  Ladiguine's 
Incandescent  Lamp,  261 


Lacassagnb  and  Thiers's  Great  Inven- 
tion of  Two-Magnet  Arc  Lamp  for 
Series  Circuits,  156 

Ladiguine^s  Incandescent  Lamp,  Koa- 
loff's Improvements  on,  261 

Ladiguine's  Multi-Carbon  Incandescent 
Lamp,  259 

Ladiguine's  Multi-Caibon  Incandescent 
Lamp,    Quotation    from    Specification 

^  of,  250 

Lag  of  Alternating  Electric  Currents,  76 

Lag  of  E.M.F.'8,  76 

Lamination  of  Armature  and  Magnet 
Cores,^  29 

Lamination  of  Armature   Cores,   29 

Lamination  of  Armature  Cores,  Eff^t  of, 
on  Production  of  Eddy  Currents,  30 

Lamination  of  Magnet  Cores,  29 

Lamp   Base,    Incandescent   Electric,    292 

Lamp  Bulbs,  Incandescent  Electric,  Col- 
ored and  Colorless.  332 

Lamp,  Carbon  Incanaescent  Electric,  the 
Work  of  Many  Independent  Inven- 
tors,   269 

Lamp  Clutch,  Gripping  by,   174 

Lamp,  Cooper-Hewitt   vapor,  375, 

Lamp,   Differential   Arc,    X74 

Lamp  Distribution,  Incandescent  Elec- 
tric Five-Wire  System  of,  328 

Lamp  Distribution,  Incandescent  Elec- 
tric Four- Wire  Sjrstem  of,  328 

Lamp  Distribution,  Incandescent  Elec- 
tric Seven-Wire  System  of,  328 
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Lamp  Distribution,  Objection*  to  Ttam- 
Wirc    Syatem    of    Innnduccnt    El«- 

Lamp'  Distribution,   Relative  WeishU  of 
Condi  -  •      -         ^- 


SfStens  of,  31S 
Lamp,   Edison  _  Night,   341 


Platioom  In- 


nent     Joints,      Some     Earlr 
lit 
eats,    Anchotinj;   Wire    tot. 


TiSW  ajT  " 
Lamp  Globes,   Bts 

descent  FiUmen 
Lamp  Globes,  Mol 
Lamp,  Hawkeabce' 
Lamp  Holder,   Ne 


ed  Incandescent,  190 
Vseuum-Tube,  380 

ificeni        Electric        Ur 

y  Cars,  4SS 

Kent    Eleetric,    Twin    or 


p  Hechai 


ulti-Carbon    lacan- 

Searchlight,  »t* 

it,_  Autoraalic,   164 


1  Eleetric  36J. 

"n^St*  i6j 
Lre  Lamps  ij. 

Lamp  Socket,  IncaDdescenC  Electric.  393 


Lamp,  Nernst.  f 
Lamp,  ttcTnier's 
Lamp  Rods,  Feed 


,    Stail 


n-lridiui 


I,  Telephone 
.   Theatrical 


ID-Houston  Arc,  : 


ctioa    between    Incandts- 


mobiles,  341 
Lamps,    Low    EatttJ 

183 
Lamjn.     Resistance,     Ii 


:ctric  for  Auto- 
r  Low  Current, 
landesceot    Elec- 


Tube,  jSo 


:ial   Mains,  339 

:  ■  AdTBQiages    of    Vaci 


26B 


Law 


metric  Lamps  for, 
10   the  "™"*  -  "*"' 


.,e«r..  Jj£'     .0 
Lead    of   Alternating    EleiAric    Currenti, 

Lead    of    Collecting    Brushes    of    Dyna- 

LeTd'of  E.M.F.'s,  76 


Leading-Ia  Wires  or  Conducton  for  In- 
candescent   Electric   Lamto.   ag6 

Lengths  sod  Diameters  of  Csrbon  Lama 
Filamenls   and   Candle-Power,   wt 

Leoi's    Knowled^    of    RerersibiUty    of 


ve,     Farmer's    Earlv     Electro- 
lie,   -- 

L^^ori"' 

for,  a^s 

Locomotive,  Page's  Electric,  461 
Locomotives,  ETcctrie.  490,  496 
Locomotives,     Electric,     Advantages    of, 

Locomotives,     Electric,     Double    Trailer 

LMoiollve*.   Electric  Where  Espedillr 

Locomoton,  Elecbic,  490 
Long-Burning  Carb<His.    loj 
Long-Distance      Transmission      Systems, 


California,    534 
Loop,   Drip,   of   Electric   Conductor, 
Loop  Drnamo,   Conducting,   Electric 


d'uclion  of,"'in  BipoIar~Fieli   14 
Looped  Mounted  Filament,  Anchor  Wire 


Lmb,   Hviterelic'  38 
Loss  of  Dynamo  from  Air-Chuming,  38 
Loss  of  D^amo  from  Friction  at  Jour- 
nal Bearings,  38 
Losses  in  Electric  Motots,  Character  of. 

Losses,   Transformer,    roo 
Low  and  High  Current  Circuits.  Differ- 
ence   in    Weights    of    Condnrtors    of. 
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hoW'Enttgj  or  Low-Current  Lamps,  183 
Low   Five    Risks  ol   InouHtescent   Elec- 
tric Launps,  350 
Low    Pressure    Electric    Power    Traii»> 

missicn,  518 
Low  Pressure  Electric  Power  Transnu** 

sion  STStcflUt  si9 
Low  Temperature  of  Vscuum-Tube  Ra^ 

diations.  Cause  of.  381 
Low-VoltM   High-OuuUe-Power    Incanh 

descent  Xamps,  303 
Lubricant,   Use  of,  on  Commutator,   $> 
Luminoua    Emisaivity    of    Incandescing 
Filament,    Effect  of  Temperature   on, 
278 
Luminous   lutenaity  of  Source,   lap 
liUminoua   lutenaity.   Standards  of.    140 
Luminous  Source,  Candle- Power  of,  1^9 
Luminoua  SourcM,  Ordinary   Eictremmy 

Low  Luminous  Efficiency  of,  276 
Lnndell    Slow -Speed    Sntipolar    Elec- 
tric Motor,  441 


Machini,  Dynamo  •  Electric,  Armature, 
of,   6 

Machine,  Dynamo  •  Electric,  Constant- 
Current,  II 

Machine,  Dynamo  -  Electric,  Constant- 
Potential.  11 

Machine,    Dynamo  •  Electric,     Definition 

Machinery,  Direct  Motor>DriTcn,  Sapid 
Extension  of,  421 

Mnchine^]^  Economy  of  Separate  Mo- 
tor-Drive of,  435 

Machinea,  Dynamo  •  Electric,    Belt-Driv(> 

Machines,    Dynamo-Electric,    Direct-Con- 
nected, 7 
Machines.   Magneto-Electric,    11 
Madison  Square  Tower,  New  York  Ci^, 

Electric  Illumination  of,  315 
MMnet,    Approach    of,     Ejctinction    ol 

Carbon  Voltaic  Arc  by,  122 
Magnet  Cores,  Lsmination  of,  29 
Magnetic    Blow-Out,    Elihu    Thomson's, 

133 

Magnetic  Blow-Out  for  Car  Controller, 

*  474 

Magnetic  Flux  of  Dynamo,  Effect  of,  on 

Value  of  E.M.F.  of  Annature,  9 
Magnetic    Force,    Effect    of    Variatiotts 

of,  on  Speed  of  Rotation  of  Electric 

Motor,  416 
Magnetic  Hysteresis,  37 
Magneto-Electric  Generator,  68 
Magneto  -  Electric    Generator,     Alliance, 

156 
Magneto  -  Electric     Generator,     Clarice's, 

69 
Magneto  -  Electric      Machine,      Gramme 

T^rpe,  24 
Magneto- Electric    Machine,     Hand-Driv- 

en,  34 
Magneto-Electric  Machines,  11 
Mam,   Negative,    of   Three-Wire    System 

of    Incandescent    Electric    Lamp    Dis- 
tribution, 326 
Main,    Neutral,    of    Three-Wire    System 


of  Incandesoent  Electric  Laasp  Dis- 
tribution,  326 

Main,  Positive,  of  Three-Wire  Sniem 
of  Incandesoent  Electric  Lmi^*  Disbi- 
bution,  326 

Maintenance  of  Carbon  Arc,  Conditions 
Necessary  for,  153 

Manhattan  Enclosed  Arc  Lamp,   182 

Manufacture  of  Incandescent  Electric 
I^mp^  282,  297 

Manufacture  of  Incandescent  Lamps, 
United  Statea  Census  Report  Con- 
cerning,   282 

Mast- Arm  Support  for  Arc  TAmpa,  213 

Maximum   Candle-Power,    149 

Maximum  Load  of  Central  Station,  Pro- 
viding for,  358 

Mean  Hemispherical   Candle-Power,   149 

Mean   Horizontal  Candle-Power,    148 

Mean  Spherical  Candk-Power,   148 

Mednnical  and  Electric  Units  oTWork 
and  Activity,  Relationa  between,  10 

Mechanical  Cut-Out  Switch  for  Are 
Lamps,  2x4 

Mechanical  Pump  for  Incandescent 
Lamp  Bulbs,  295 

Mechanism  of  Kohn's  MultiOrbon  In- 


candescent Lamp,  262 
Menlo  Park,   Edison's  Electric  Railroad 

at,  463 
Mercury  Pump,  Sprengd,  297 
Metal,  Babbitt,  39 
Metallic  and  Carbon  Gollectins  Brushes 

for  Dynamos^  40 
Metallic    Voltaic    Arc8»    Pfccidiar    Color 

of,    X2X 

Meters,  Ampere  Hour,  356 

Meters,   Electric,  356 

Meters.  Watt-Hour,  3^ 

Methoa  of  Fusing  Xamp  Mount  to 
Lamp  Bulb,  2^1 

Method  of  Varying  Connection  of  Field 
Coils  of  Motor  for  Varying  Speed 
of,  4»? 

Metropolitan  Street  Railway  System  of 
New  York  City,  M^  of,  531 

Metropolitan  Street  Railway  Sirstem  of 
New  York  City,  Triphase  Distribution 
of  Current  of,  531 

Metropolitan  Street  Railway  System  of 
New  York  City,  Triphase  Generators 
of,  532 

Microscope,  Incandescent  Electric  Lamp 
for,  340 

Miners  Incandescent  Electric  Lamps, 
^38 

Mmiature  Incandescing  Electric  Lamp, 
Wollteton's,  247 

Modified  Form  of  Faraday's  Early  Eke- 
trie  Motor,   393 

Molded  Carbons,  191 

Molded  Globes  for  Arc  Tjimp5>,  ai8 

Molded  Incandescent  Lamp  Globes,  290 

Momentary  Artificial  Ulumination  Pro- 
duced by  Leyden-Jar  Battery  Dis- 
charges, 1x5 

Moore's  System  of  Vacuum-Tube  Elec- 
tric Lighting.  "Electrical  Worid  and 
Engineer's"    Description   of,    384,   386 

Moore's  Use  of  Altematxng  •  Current 
Mains  for  Vacuum-Tube  Lighting,  384 

Moore's  Vacuum  Break,  38a 
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Moore's  Vacuum  Rotator  for  Vacuum- 
Tube  Lighting,  38^ 

Morris,  Weare^  and  Monckton's  Vacuum- 
Tube  Electric  Lamp,  257 

Morris,  Weare,  and  Monckton's  Vacuum- 
Tube  Lamp,  Quotation  from  Specifi- 
cation of,  258 

Motor  and  Dynamo,  Discovery  of  Re- 
versibility of,  406 

Motor,  Barlow's  Star-Wheel  Electric,  ^4 

Motor,  Bipolar,  for  Continuous  or  Di- 
rect Electric  Currents,  41^ 

Motor,  Compound-Wound  Electric,  420 

Motor,  Compound-Wound  Electric,  Dia- 
gram  Showing   Connections  of,   420 

Motor,  Compound- Wound  Electric,  Self- 
Governing  Power  of,  420 

Motor  Converter,  527 

Motor,  Crocker-Wheeler  Slow-Speed  Bi- 
polar Electric,  432 

Motor,  Crocker-Wheeler  Slow-Speed  Bi- 
polar Electric,  Armature  of,  433 

Motor,  Dal  Negro's  Early  Electric,  396 

Motor,  Davenport's  Electric,  399 

Motor,  Davidson's  Electric,  400 

Motor-Driven  Bellows  for  Church  Or- 
gans, Advantages  of,  438 

Motor-Driven  Punching  TooL  a^i 

Motor  -  Driven  Stamping  Machines  at 
Mint  at  Philedelphia,  442 

Motor-Driven  Tools,  444 

Motor,  Dvnamo,  527 

Motor,  Electric,  Belt  Tightener  for,  432 

Motor,  Electric,  Conditions  for  Reverral 
of  Rotation  of,  390 

Motor,  Electric,  Counter  E.M.F.  of,  415 

Motor,  Electric,  Self-Oiling  and  Self- 
Aligninff  Bearings  for,   434 

Motor,   Enas's  Electric,  400 

Motor,   Farada]r's   Early   Electric,   389 

Motor,  Froment's  Electric,  40  x 

Motor-Generator,   527 

Motor,  Green's  Early  Electric,  461 

Motor,  Horns  of,   35 

Motor  Installation,  Electric,  in  the 
United  States  Mint  at  Philadelphia, 
44a 

Motor,  Jacobi's  Electric,  396 

Motor,  Lundell  Slow-speed  Sextipolar 
Electric,  441 

Motor,  Method  of  Varirins  Speed  of, 
by  Varying  Connection  of  Field  Coils 
of,  427  , 

Motor.  Modified  Form  of  Faraday's 
Early  Electric,  393 

Motor,  Multiphase  Induction,  Some  Pe- 
culiarities of,   K13 

Motor,   Pacinotti^   Electric,   405 

Motor,   Page's   Electric,  40^ 

Motor,    Ritchie's   Electro-Magnetic,   309 

Motor,  Series- Wound,  Diagram  Showing 
Connections  of,   419 

Motor,   Series-Wound  Electric,  410 

Motor,  Shunt-Wound  Electric,  Diagram 
Showing  Connections  of,  418 

Motor,  Shunt -Wound  Electric,  Self- 
Goveming  Power  of,  418 

Motor,  Shunt-Wound,  Methods  of  Start- 
ing, 436 

Motor  Speed  and  Armature  Resistance, 

415 
Motor,  Sturgeon's  Early  Electric,  395 


Motor  Transformer,  527 

Motors,  Continuous  -  Current,  Efficiency 
of.  431 

Motors,  Early  Electric,  Cause  of  Failure 
of,  462 

Motors,  Early  Electric,  Reasons  for  Com- 
mercial Failure  of,  406 

Motors,   Electric,  Advantages  of,   421 

Motors,  Electric,  Character  of  Losses 
in,  427 

Motors,  Electric  Elevator,  Requirements 
for,  451 

Motors,  Electric,  Methods  for  Revers- 
ing Direction  of  Rotation  of,   42s 

Motors,  Electric,  Slow-Speed,  428 

Motors,  Electric  Use  of,  on  Constant- 
Current  and  Constant-Potential  Mains, 
422 

Motors,  Forms  of  Starting  Resistances 
for,   424 

Motors,  Induction,  510 

Motors,  Induction,  Advantages  of,  510 

Motors,  Multiphase  Induction,  Auto- 
Starter  for,  514 

Motors,   Multiphase   Synchronous,   kii 

Motors,  Regulation  of  Speed  ox,  by 
Varying  Coils  of  Field  Magnet^  420 

Motors,   Separately  Excited,  417 

Motofs,  Series-Wound  Electric,  Meth- 
ods of  Starting,  437 

Motors,    Shunt-Wound    Electric,    418 

Motors,  Starting  Resistance  for,  423 

Motors,   Synchronous  Multiphase,   509 

Multi  -  Carbon  Incandescent  Lamps, 
Kohn's  Improvements  on  Ladiguine's 
and  Koslofi's,  261 

Multi-Circuit  Arc-Light  Generator,  Ad- 
vantages of.  236 

Multiplmse  Alternating-Current  Systems, 
50^ 

Multiphase  Alternatii^  Currente.  Ad- 
vantages of,  for  Operation  of  Eaectric 
Motors,  505 

Multiphase  Alternating  Electric  Cur- 
rents, 79 

Multiphase  Electric  Motor,  Bailey's  Pro- 
totjrpe  of,  S03 

Multiphase  Electric  Motor,  Early  Work 
of  Bailey,  Ferraris,  Bradley,  and 
Tesla  on,  503 

Multiphase  Induction  Motor,  Secondary 
Core  of,  513 

Multiphase  Induction  Motor,  Some  Pe- 
culiarities of,  51^ 

Multiphase  Induction  Motor,  Westing- 
house  Company's  Type  of,  511 

Multiphase  Induction  Motor,  Westing- 
house,  Different  Parts  of,  512 

Multiphase  Induction  Motors,  Auto- 
Starter  for,   514 

Multiphase  Motor,   Bradlejr's,   504 

Multiphase  Motor,  Early  Work  of  Ni- 
kola Tesla  on,   504 

Multiphase  Motor,   Ferraris's  Early,  503 

Multiphase   Motors,    Synchronous,    569 

Multiphase   Synchronous  Motors,  511 

Multiple  and  Series-Connected  Incandes- 
cent   Electric   Lamps,    Distribution   of, 

317 
Multiple  Arc-Light  Circuits,  166 
Multiple  -  Connected  Arc  -  Light  Circuits, 

168 
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Multiple  -  Connected   Are    LamiH    Hand 

Switch  for*  If 7 
Multiple  -  Connected   Arc   Lamp,    Safety 

Foae  or  Automatic  Cut-Out  for,  178 
Multiple  Connection  of  Armature  Coils, 

Multipolar  Dynamoa,  la 

MoTabie  Electric  Conducton,  Caoaea  of 

Attractiona  and  Repulaiona  of,  4x1 
Mystery,    Seeming,    ox    Electric    Propol- 

aion,  458 

N 

Nafou*8  Process  for  Increaaing  the 
Denaity  of  Artifidal  Carbona,   190 

Nature  and  Formation  of  Voltaic  Ar& 
116 

Necessary  Properties  of  Artificial  Il- 
lumination, 130 

Necessity  for  Frequent  Incandescent 
Lamp  Renewals,  300 

Necessity  for  High  Vacnnm  in  Globe 
or  Bulb  of  Incandescent  Electric 
Lamp,  278 

Necessity  for  MainteQanoe  of  Constant 
Electric  Pressure  on  Incandescent 
Lamps  Fed  from  Constant-Potential 
Maina,  ^i 

Need  for  Kefractory  Substance  for  Aro- 
Light  Electrodes,   130 

Negative  Carbon  of  Carbon  Voltaic  Arc^ 
Formation  of  Nipple  on,  xs6 

N^stive  Electrode,  Action  of  Intense 
Heat  of  Positive  Crater  on,  13a 

Ne^tive  Electrode,  Deposition  of 
Graphite  on,    132 

Negative  Main  of  Three-Wire  System 
of  Incandescent  Electric  Lamp  Dis- 
tribution, 326 

Nemst  Electric  Incandescent  Lamp^  363, 

Nemst  Lamp,  Automatic,  364 

Nemst  Lamp,  Ballast  for,  365 

Nemst  Lamp,  Circuit  Arrangements  o^ 
366 

Nemst  Lamp,  Daylight  Color- Values  of, 
368 

Nemst  Lamp,  Efficiency  of,  368 

Nernst  Laznp,  Electric  Pressures  and 
Currents  Employed  for,  368 

Nemst   Lamp,   Glower  for,   366 

Nemst  Lamp,  Glower  of,  363 

Nemst  Lamp,  Heater  Case  of,  373 

Nemst  Lamp  Holder,  364 

Nernst  Lamp,  Method  for  Removal  of 
Deposit  ox  Platinum  Black  in  Interior 
of  Lamp  Globes  of,  373 

Nernst  Lamp,  Non-Automatic,  j^ 

Nernst  Lamps  for  Out-of-Door  Lighting, 
370 

Nemst  Lamps,  Wurtz  on.  ^70 

Neutral  Main  of  Three-Wire  System  of 
Incandescent  Electric  Lamp  Distribu- 
tion, 326 

Neutral  Main  or  Conductor,  Why  It 
May  Be  Made  of  Lighter  Wire,  327 

Nif^ht  Lamp,  Edison,  342 

Nikola  Tesla,  Early  Work  of,  on  Multi- 
phase Motor,  504 

Nipple,  Formation  of,  on  Negative  Car- 
bon of  Carbon  Voltaic  Arc,   126 


Nitrous  Oxide,  Formation  of,  in  Carbon 
Voltaic  Arc^  lap 

Nollet.  xs6 

NoUers  Eaxiy  Semi-Incandeacent  Elec- 
tric Lamjx  3^3 

Nonet's  Semi  -  Incandeacent  Electric 
Lamp,  Quotation  from  Specification 
of,  2S4 

N<W!iinal  Caadle-Power,   149 

Non-Automatic  Nemat  Lrap^  364 

Number  of  Alternator  Polei,  How  De- 
termineda  81 


OajBCTiova  to  Shane  of  Single  U-Shaped 
or  Horseahoe  Fiiammt,  30a 

Objections  to  Three-Wire  System  of  In- 
candescent Electric  Lamp  Distriba- 
tion,  3^7 

Objections  to  Use  of  Holophane,  asi 

Objectiooa  to  Vacuum-Tube  liampa,  ^2 

Occluded  Gaa  Process  for  Obtuning 
Vacuum  in  Incandeacent  Electric 
Lamp  Bttlba,  a8o 

Occluded  GaMS,  Effect  o^  on  High 
Vacua  of  Incandeacent  Electric 
Lamos,  2r9 

Oersted,  389^ 

Oersted's  Discovery,  Electric  Motor 
Rendered  Possible  by;  389 

Ohmic  Resistance  and  Current  Strength, 
Effect  of,  on  Quantity  of  Heat  De- 
veloped in  Circuitp  a^ 

Ohmic  Resistance  of  Cucuit.  27 

Ohm's  Law,  Necessary  Modification  of, 
for  Alternating  Cnrrenta,   74 

Oil-Cooled  Tranaformera,   X04 

Oil  Lamps,  Candles,  and  Cab  Jets  vs. 
Incandescent  Electric  Lamna,  349 

Oliver  WendeU  Holmea'a  broomstick 
Train,"  4SS 

Omaha  Exhibition,  Illumination  of 
Grand  Court  of,  316 

Open  and  Enclosed  Are  Tjuaaps  for 
Street  Illumination,  Ryan  on  Rela- 
tive Merits  of,  184 

Open  Coil  Arc-Light  Generators,  Why 
Preferable  on  Cxrcnits  Containing 
Many  Lamps,  235 

0])eration  of  Dynamo,  Causea  Produc- 
ing Noises  During,  60 

Operation  of  Electric  Street  Cars,  Gen- 
eral  Method  of,   ±67 

Outer  Globes  for  Arc  Lamps,  Various 
Shapes  of,  219 

Output  of  Dynamo,  9 

Overhead-Trolley  Mechanism  for  Street 
Cars,  A79 

Overhead  vs.  Undei^rround  Feeders  for 
Electric  Street  Cars,  484 

Overtoad,  Sparking  Due  t^  co 

Ozone,  Formation  of,  in  Carbon  Voltaic 
Arc,  xa8 


Pacihotti  Ring  Armature,   22 
Pacinotti's  Electric  Motor.  405 
Pacinotti's    Knowledge    of    Reversibility 
of  Dynamo  and  Motor,  406 

Page.  402.  4^1 

Pagers  £Iectric  Locomotive,  461 
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Page's  Electric  Motor,  4^03 

Page's  Electro  -  Magnetic  Motor.  Trial 
of,  on  Baltimore  ft  Ohio  Railroad 
between     Washington     and     Bladena- 


burg,  404. 

DistriDutmg  isoar<is,  3*. 
Paper    Carbons,    Edison's,    for   incandes* 


Panel  or  Distributing  Boards,  352 


imp. 


cent  Electric  Lamps,  267 
Paper  Carbons  for  Incandescent  Electric 

Lamps,  Brief  Life  of,  a68 
Parallel  Connection   of  Armature  Coils, 

19 
Parallel      Connection     of     Incandescent 

Electric  Lamps   on   Constant-Potential 
Mains,   321 

Parallel  Connection  of  Ring-Armature 
Coils  to  Four- Part  Commutator,   21 

Parasitical  Currents,  28 

Parasitical  or  Eddy  Currents.  Develop' 
ment  of,  in  Pole  Pieces  ot  Dynamo, 
28 

Parts,  EssentiaL  of  Electric  Motor,  392 

Pasted   Lamp   Filament  Joints,    287 

Peculiarities  of  Multiphase  Induction 
Motor,  513 

Percentage  of  Light  Absorbed  by  Arc- 
Light  Glass  Globes,  219 

Period,  Definition  of,  65 

Perrine  on  California  Electric  Trans- 
missions, 536 

Phenomenal  Increase  in  Use  of  Alter- 
nating-Current  Enclosed  Arc  Lamps, 
206 

Photographic  or  Actinic  Power  of  Arc 
Light,   150 

Photometer,  Bunsen,   143 

Photometer,    Shadow,    Principle   of,    142 

Physics  of  Carbon  Voltaic  Arc,  125 

Physics  of  Incandescent  Electric  Lai 
270,  281 

Pilsen's  All-Night  Carbon  Plate  Arc 
Lamp,   19^ 

Pinkus  s  Air-Propelled  Cars  and  Ves- 
sels, 461 

Pinkus's  Early  Patent  for  System  of 
Electric  Propulsion  of  Cars,  460 

Pixie,  69 

Platinum  Incandescing  Electric  Lamp, 
Edison's   Automatic   Cut-Out   for,    266 

Platinum-Iridium  Incandescent  Electric 
Lamp,   Staite's,  252 

Platinum,  Why  l^d  for  Leading-In 
Wires    for    Incandescent    Lamps,    288 

Platinum  Wire,  WoUaston's  Method  of 
Obtainin|^   Fine,  247 

Plowing,  Electric,  ^32 

Points,  Feeding,  483 

Pole  Pieces  of  Dynamo,  Development  of 
Eddy  or  Parasitical  Currents  in,  28 

Pole  Pieces  of  Dynamo-Electric  Ma- 
chine, 7 

Pole,  Trolley,  480 

Polyphase  Alternating  Electric  Currents, 

79 

Porcelain  Heater  for  Nernst  Lamp,  ^65 

Porcelain  Knobs  and  Cleats  for  Inside 
Wiring,  354 

Positive  and  Negative  Carbons.  Change 
in  Appearance  of.  Produced  During 
Use  in  Arc.   126 

Positive  and  Negative  Mains,  Safe  Dis- 
tance between,  in  House  Wiring,  351 


Positive  Carboti,  Formation  of  Crater 
in,  X26 

Positive  Carbon  of  Carbon  Voltaic  Arc» 
Crater  in,   126 

Positive  Crater,  Area  of,  and  Total  In- 
tensity of  Light,   150 

Positive  Main  of  Three-Wire  System  of 
Incandescent  Electric  Lamp  Distribu- 
tion', 326 

Powdered  Charcoal,  Use  of,  in  De  Mo- 
leyns'  Incandescent  Electric  Lamp,  249 

Power,  Applications  of  Electric  Trans- 
mission of,   516 

Power  Company,   Standard  Electric,  536 

Power  Factor  of  Alternating  -  Current 
Circuit,   77 

Power  Factor  of  Induction  Motor,  78 

Power  of  Motor  Dependent  on  Speed 
and  Torque,  414 

Power  TransMission,  High  Pressure, 
with  Step-Down  Transformers  at  One 
End  of  Line,   ^18 

Power  Transmission,  Low  Pressure  Elec- 
tric^  518 

Practical  Unit  of  Electric  Activity  or 
Power,  1 1 

Practical  Unit  of  Electric  Activity,  11 

Practical  Unit  of  Electric  Work,   11 

Practical  Unit  of  Inductance,   72 

Precautionary  Measures  Adopted  by 
Standard  Electric  Company,  537 

Preece  on  Ferraris  and  Tesla,   502 

Pressure  and  Current  Strength  for  En- 
closed A,TC  Lamps,    180 

Principle  of   Bunsen  Photometer,    143 

Principle  of  Shadow  Photometer,   142 

Prismatic  Spectrum,   145 

Professor  Fleeming  Jenkin  and  the 
Word  Telpherage,  497 

Projector  Kays.  Advantage  of  Slight 
Divergence  01,  229 

Prometheus,   112 

Prometlteus  the  Father  of  Artificial  Il- 
lumination,  11^ 

Pump,  Mechanical,  for  Incandescent 
Lamp  Bulbs,  205 

Punching  Tool,  Motor-Driven,  431 


Quality    of    Light    Emitted    by   Nernst 
Lamp,  368 


Radiation,  Loss  of  Heat  and  Light  En- 
ergy of  Incandescing  Filament  by,  27$ 
Rail  Bonding  for  Electric  Street  Rail- 
way Tracks,  485 
Rail  Joints,  Electric  Welding  of,  485 
Railway  Circuit  Breaker.  Automatic,  494 
Railway,    Electric,    Field's    Early    Patent 

for,  462 
Railway   Electric   Motor   and  Gear   Case 
for,    Westinghouse    Company's    Type, 

470 

Railway,    Electric   Street,    467,   489 

Railway  Gienerator,  Westinghouse  Com- 
pany s  Type  of  Street,  487 

Railway  Generators,  486 

Railway,  Siemens  &  Halske's  Elec- 
tric, 461 
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Bwlwrny^  Street,  Enormeoft  Capital  I» 

vested  in.  465 
Kaaid  £xtciisioa  of  Direct  Motor-Drxvca 

Machinery.   4^1  .  ^.  . 

Rapid  Tranak  and  the  Growth  of  Citica, 

^457 

Irartaiifff,  70  .      .         ^ 

p^«^*«MH>  Produced  by  Introduction  of 

Condenser  in  a  Circuit,  72 
Reactance,    Production    of,    by    Sclf-Io- 

ductiott  or  Inductance,   70 
Reaction  Principle  of  Dynamo,  63 
Real  Horses  vs,   Elcctnc  Horses.  459 
Reductioa    Gear    for    Electric    Motors, 

430 
Reflectors  and  Shades  for  Enclosed  Arc 

Lamps,  SX7 
Reflectors    or    Shades    for    Incandescent 

Electric  Lamps,  345 
Runilatton  of  Shunt  and  Series-Wound 
^ttotors.    Methods    Employed   for,    426 
Regulator,    Archereau's   Solenoidal    Arc- 
Automatic     Arc- 


Licht,  163 

CffUll 


Automatic     vs. 


R^uiator,     Duboscq's 

Liafat,  164 
Relators,     Arc-Light, 

Hand,  176 
Regulatota,  Automatic  Aro^Light,    154 
Regulators  for   Series-Wound  Dynamos, 

Relation  between  Candle  -  Power  and 
Area  of  Cross-Section  of  Incandescing 
Filament,  a99 

Relations  between  Mechanical  and  Elec- 
tric UniU  of  Work  and  Activity,  10 

Relative  WeightB  of  Conductors  Re- 
quired for  Different  Systems  of  Lamp 
Distribution,  ^8 

Relief  Lamps  tor  Series-Connected  In- 
candeacent  Electric  LamM.  320 

Requirements  for  Electric  Elevator  Mo- 
tors, 451 

Requirements  for  Electric  Meters,  357 

Requirements  of  Series  and  Multiple- 
Connected    Arc-Light    Circuits,    168 

Residual  Atmosphere  of  Oxygen  in  In- 
candescent Electric  Lamp  Bulb,  Dele- 
terious Effects  of,  279 

Resistance  and  C.E.M.F.  of  Carbon  Vol- 
taic Arc,   135 

Resistance  Incandescent  Electric  Lamps, 
306 

Resistance,  Spurious  or  Apparent,  of 
Alternating-Current  Circuit,    70 

Resistance,    Starting,    for   Motors,    423 

Resistance,  Steadying,  for  Nernst  Lamp, 

365 
Resistances,       Starting,       for       Motors, 

Forms  of,  424 
Reversal    of    Direction    of    Electro-Dy- 
namic Force,  Cause  of,  412 
Reversibility    of     Dynamo    and    Motor, 

Discovery  of,  406 
Reversibility    of    Dynamo    and     Motor, 

Siemens  on,  406 
Reversibility     of      Dynamo,      Fontaine's 

Claim  of  Invention   of,  407 
Reversibility  of  Gramme  Machine,  Early 

Exhibition   of,  408 
Revolving  -  Field      Alternator,      General 

Electric  Company's   Method  of  Windp 

tng  Field  Coils  of,  93 


Revolving-Field  Altemaier.  Stanley  Elec- 
trie  Company's  Type  ot  94     , 

Revolviag-FieM  Magnet  Poles  for  Al- 
ternators, 83 

Revolving-Field  Triphase  Generators  for 
Meuopolitan  Street  Railway  System 
of  New  York  City,   53a 

Reynier's  Improved  Semi-Incandescent 
Lamp.  163 

Reyniers   Semi-Incandescent   Lamp,    162 

Rheostat  for  Feeder  Eoualizer,  325 

RheosUt   for   Searchlight  Projector.   226 

Rigid  Cot^iling  of  Series-Connected  Mo- 
tors, Neoeaaity  for,  423 

Ring  Armature  Coils,  Parallel  Connec- 
tion of,  to  Four-Part  Commutator, 
ai 

Ring  Armature,  Facinotti,  aa 

Ring  Armatures,  19 

Ring-Core  Transformer,  Low  Efficiency 
of,   roo 

Ring  -  Wound  Armature  of  Thomson- 
Houston  Dynamo,  241 

Ritc^^i^i   69 

Ritchie's   Electro-Magnetic  Motor,  399 

Roadbeds  for  Electric  Car^  Care  Nec- 
essary in  Construction  of,  484 

Roberts  s  Incandescent  Grs^ifaite  Lamj^ 
255 

Roberts's  Incandescent  Lamp,  Incorpo- 
ration of  lime  in  Materul  of  Filar 
ment  of.  255 

Rope,  Trolley,  479 

Rotary  Converter,  527 

Rotary  Converter,  Action  oU  528 

Rotary  Converter,  Method  of  Starting, 
529 

Rotary  Converter,  Triphase,  529 

Rotary  Converter,  Wonderful  Flexibil- 
ity of,  530 

Rotary  Converters,  521 

Rotary  Converters  for  Sub-Stations  in 
Transmission   Systems,   526 

Rotary  Field  Motor,  Preece  on  the  In- 
dependent Discovery  of,  by  Ferraris 
and  Tesla,  502 

Rotary  Transformer,   527 

Rotating  Magnetic  Field,  Production  of, 
by  Dq>hase  System,  508 

Rotation  of  Electric  Motor,  Conditions 
for  Reversal  of,  390 

Rotor.  Definition  of,  510 

Running  Guard  Wire  for  Trolley  Wire, 

477 
Ryan   on   the   Relative    Merits   of  Open 

and    Enclosed   Arc  Launps   for   Street 

Illumination,   184 


Safe     Distance     between     Positive    Md 
Negative     Mains     in    House    Wirings 

351 
Safety- Devices  for  Transformers,   in 

Safety  Fuse^   Blowing  of,  3^ 

Safety  Fuse  for  Inaide  Wiring,  354 

Safety   Fuse   or  Automatic   Cut-Out  for 

Multiple-Connected  Arc  Lam^  178 
Sale,    Commercial,    of    £lectri«aty,    356, 

362 
Sand    Box    for   Electric   Street  Railway 

MotM-,  47a 


INDEX 


561 


Sawyer-Mann  Incandescent  Laoiih  Early 
Form  of,  26s 

Sawyer-Mann  Incandescent  Lamp,  Glass 
Mount  lor,  289 

Saxton,  60 

Sealing  Off  of  Completely  Exhausted 
Incandescent  Lamp  Bulbs,  294 

Searchlight,    Lamp   Mechanism   for,   aa^ 

Searchlight  Projector,  Rheostat  or  Vari- 
able Resistance  for.  226 

Searchlights,  222 

Secondanr  Core  of  Multiphase  Induc- 
tion Motor,  513 

Secondary  Generators,  97 

Self-Aligninf|[  and  Self-Oiling  Bearings 
for  Electric  Motor,  434 

Self-Excited  Dynamos,  12 

Self-Governing  Power  of  Compound- 
Wound  Electric  Motor.  420 

Self-Governing  Power  ox  Shunt-Wound 
Electric  Motor,  418 

Self-Induction  iind  Capacity,  Effect  o^ 
in   Alternating-Current   Circuits,    70 

Self-Oiling  and  Self-Aligning  Bearings 
for  Electric  Motor,  434 

Self-Oiling  Bearings,  39 

Self-Regulating  Action  of  Alternating* 
Current  Transformer,  j^ 

Semi-Incandescent  Electric  Lamp,  Nol- 
let's.  253 

Semi-Incandescent  Lamp,  Reynier*^  x6a 

Separate  Motor  •  Drive  of  Machinery, 
Economy  of,  435 

Separate  rrimary  and  Secondary  Trans- 
former Coils,  Switch  for  Variously 
Connecting,  107 

Separately  Excited  Dvnamo^  12 

Separately  Excited  Electric  Motor^  4x7 

Series  Alternating-Current  Arc  Lamp, 
General  Electric  Company's,  204 

Series  Alternating-Current  Arc  Lamps, 
Advantages  of,  205 

Series  and  Multi]Me  -  Connected  Arc 
Light  Circuits,  Requiremnts  of,   168 

Series  and  Multiple-Connected  Incan- 
descent Electric  Lamps,  Distribution 
of,   317 

Series  and  Shunt  Magnets  of  Arc 
Lamps,  172 

Series  and  Shunt  Magnets  of  Arc 
Lamps,  Opposite  Actions  of,  173 

Series  and  Shunt-Wound  Motors,  Meth- 
ods Employed  for  Regulation  of,  426 

Series  Arc-Li^ht   Circui^   x66 

Series  Arc-Light  Circuits,  High  Pres- 
sures Employed  on,  \6j 

Series  Canoelabra  and  Sign  Lamps,  33^0 

Series-Connected  Arc  Lamps,  Automatic 
Cut-Out  for,    176 

Series-Connected  Arc  Lamps  on  Con- 
stant-Potential Mains,    178 

Series-Connected  Arc-Light  Circuit,  Im- 
practicability of  Single  Magnet  Arc 
Lamp  in,  171 

Series  -  Connected  Incandescent  Electric 
Lamps,  Film  Cut-Outs  for  Use  in,  318, 

3x9 
Series  -  Connected  Incandescent    Electric 
Lamps,   Use  of,   for  Illumined  Signs, 

Series  •  Connected  Incandescent  Lamps 
Across   Constant-Potential   Mains,   320 


Series-Connected   Motors,    Necessity   for 

Rigid  Coupling  of,  424 
Series  -  Connected    Multiple    Candelabra 

and  Sign  Lamps,  Edison's,  329 
Series  Connection  of  Armature  Coils,  19 
Series  Incandescent  Lamps  for  Constant* 

Potential  Mains,  329 
Series-Parallel    Controller,  473 
Series-Parallel  Controller,  Action  of,  474 
Series-Parallel    Controllers    for    Electric 

Locomotives,  493 


Series- Wound  Dynamos,   la,  53 
Series-Wound  Dynamos,  Reguli 


ators  for. 


5? 


Series-Wound   Electric  Motor,  410 

Series-Woun4  Electric  Motors,  Methods 
of  Startinib  4^7 

Series-Wound  Motor,  Diagram  Showing 
Connections  of.  419 

Series-Wound  Motors,  Connection  of. 
in  Series  Across  Constant-Potential 
Mains,  422 

Service  Switch  for  House  Wiring,  3ss 

Service  Wires  for  House  Wiring,  351 

Seven  -  Wire  System  of  Incandescent 
Electric  Lamp  Distribution,  328 

Sextipolar  Motor,  Crocker- Wheeler  Type 
of,  442 

Sextipolar  Slow  •  Speed  Electric  Motor, 
Lundell,  441 

Shades  and  Reflectors  for  Enclosed  Axe 
Lamps,  2x7 

Shades  or  Reflectors  for  Incandescent 
Electric  Lamps,   345 

Shadow  Photometer,  Principle  of,  14^ 

Shell  Transformer,  Stanley  Electric 
Company's  Type  of,  106 

Shell  Transformer,   Varley's,    xoi 

Shell  Transformer,  Zippernowski's,  lox 

Shell  Transformers.  102 

Shell  Type  of  Transformer,  General 
Electric  Companv's,  106 

Shell  Type  ox  Transformer,  Westing- 
house  Electric  Company's.   105 

Short  Carbon  Arcs,  Why  Seldom  Com* 
mercially  Employed,    136 

Short  Life  of  Early  Electric  Incandesc- 
ing Lamp  Filaments,  278 

Shunt  ana  Series  Magnets  of  Are 
Lamps,  172 

Shunt  and  Series-Wound  Motors,  Meth- 
ods Employed  for  Regulation  of,  426 

Shunt  and  Series-Wound  Motors,  Ne- 
cessity for  Starting  Resistance  in,  423 

Shunt  Circuit,   55 

Shunt-Wound  Dimamo,  54 

Shunt-Wound  Dynamo,  Action  of,  55 

Shunt- Wound  Dynamo,  Nearly  Constant- 
Current   Strength  Produced  by,   56 

Shunt-Wound  Dynamos,   12 

Shunt-Wound    Dynamos,    General    Uses 

Shunt-Wound  Electric  Motor,  Diagram 
Showing  Connections  of,  418 

Shunt-Wound  Electric  Motor,  Self-Gov- 
emtnir  Power  of,  418 

Shunt- Wound  Electric  Motors,   418 

Shunt-Wound  Motor,  Diagram  of  Con- 
nections of,  to  Constant  -  Potential 
Mains,  436  -  «    ^ 

Shunt-Wound  Motor,  Methods  of  Start- 
ing, 436 
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S^B    FffTTTt    of    A>tfmM***g    Electric 
^ifiri^    ft    Hililrr'i    Elcctrv    Bailvajrr 


e-Tndi    Boadb    Spui- 
for  TroUcj  Win   for. 


Salt  Iiaa  Wirt  Core  of  Granmc  Rind 

SdeooidU    Arc-Li(ht    Ragnlitor,    Arche- 

Siiuil  An-Luht  Carbom,  ig> 

SalomOD  ukTHI*  Seirch  te-  ■  NorcUr, 

Soreo  Blortli,  6] 

Sorting  Cirboniied  LuDp  FQunoit^  1I4 
Source,  Lnmiaoiie,  CaBcDe-Power  o£  tj9 
Source,  IjunliUHie  Inteoiitj  of,  130 
Span  Gnird  Wire  for  Snpportinc  Trolley 

Wirt,  «7 
Spu-win    Snworu    for    TroDer    Win 

for    Kdgle    or    Double-Track    Koodi, 

Spaniac    at    Commutator    Bruhe*    of 


If   Due 


Sparking   Due  to  Improper   Podllon  of 
SpaikintDae  10  Insufficient  Field  Flux, 


SpaikiDS  Dae  to  OvcrlMd  sf  M~-i-i-t, 


Speed  of  Motor*,  SenlattOB  o^  Iit 
VaiTiac  Coil*  of  HeU  Hacael^.  4i« 

Spead  oTILotatiaa  of  Armatiue,  Eflecl 
of,  on  Value  of  EJLF.V8 

Sptcndora  of  Vohaie  Ai^  DaTT**  ExU- 
bitioo  o^  iij 


Incandeacing  Qectrie   Fitementa, 


.,. of  Al- 

tcnutiiis  Electric  CiFciut.   nt 

Squirted  Caiboa  FBaneiitfc  AdraatHea 
of,  3B3 

Staite'and  Edinrd(*a  Artibcial  Carboas, 


bon  Electric  Lamp,  s5< 
Sttile'i  PlatimaB  -  Indii 
Electric  Lain] 


Standard  Candle,  i» 

Standard  CuuUe,    Cireamnaacet   Affect' 

ins  Rdiabilitjp  of,  141 
Stanilard     Electric     and     Ba;     Conntiei 

Power  Compinici*  IJnca  ia  California, 

Stuidard  Electric  Companr,   Prccantkn- 

ary  Heaaurei  Adopted  bw,  J37 
Steidard   Electric  Power   Compwiy,  S]6 
Standard*    of    LtuniooBi    Iirtenaitr.    i«* 
Stanle*    Electric    Compaiij'a    Rerolnw 

Kieia  AltematoT,  94 
Stanlew   Electric  Cosmaar'i   Shell   Trpe 

of  Tranaformer,   106 
Stiniev    Electric   Compu^i   Tmaforui- 

cr,  Primary  and  S^ondary  Coila  for, 

StarriKinc'i    Carbon    Lamp,    OaolatioB 
from    ^edfiealion    of   Bntiih    Patent 

Stirr-King'B  Incandocent  Carbon  taae, 

Um    of   Torricellian   Vacoom    in,   350 

Starr-King's    Incasdeicent    CarbMi-Vacu- 

Stivr'a  Incandeacent  Electric  Laanp,  349 
Starting  ReiiiUnce  for  Motoia,  iaj 
Starting    Resistance,    Necesaitr    (or,    is 
Botb    Shunt    and    Seriea-Winind    Mo' 

Starting  Keaiitancea  for  Hoton,   Forrat 

Starting   Rotary   ConTcrter,    Method  nf. 

Starting   Series-Wound   Electric   Hoton, 
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Statistics  of  Electrically  Driven  Eleva- 
tors, 453 

Stator,  Definition  of,   510 

Steadiness  of  Voltaic  Arcs,  Value  of 
Cored    Carbons    in    Insuring,    138 

Steady  Light  Produced  by  Alternating- 
Current  Arcs,  Cause  of,  137 

Steadying  Resistance  for  Nernst  Lamp, 
365 

Steam    Traction    vs.    Electric    Traction, 

Step-Down  Transformer,  General  Prin- 
ciple of  Action  of,  98 

Step-Down  Transformer,  Use  of,  in  Al- 
ternating-Current Arc  Lunp,  308 

Step-Down  Transformers.  Hign-Pressure 
Power  Transmission  with,  at  One  End 
of  Line,  518 

Step-Down  Transformers,  Use  of,  96 

Step-Up  Transformer,  General  Prmciplc 
of  Action  of,  99 

Stereopticon  or  Lantern,  Incandescent 
Electric  Lamps  for,  339 

Stick  Pins,  Incandescent  Electric,  341 

Street  Car,  Electric,  Four-Motor  Double- 
Trucl^  469 

Street  Cars,  Electric.  456 

Street  Cars,  Electric,  General  Method 
of  Operation  of.  467 

Street  Cars,  Electric,  Phenomenally 
Rapid  Growth  of,  464 

Street  Cars,  Lightning  Arresters  for,479 

Street  Railway  Cars,  Incandescent  Elec- 
tric Lamp  tor,  488 

Street  Railway,  Electric,  467,  489 

Street  Railway  Incandescent  Electric 
Lamps  with  Anchored  Filaments,  33a 

Street  Railway  System,  Metropolitan,  of 
New  York  City.  Map  of,  ui 

Street  Railways,  Enormous  Capital  In- 
vested in.  465 

Strength  ot  Magnetism  of  a  Permanent 
Magnet  Increased  by  Sudden  With- 
drawal of  Its  Armature,  33 

"Striking  the  Arc.*'   133 

Structural  and  Structureless  Incandes- 
cent Carbon  Lamp  Filaments,   S83 

Structure,  Possible  Compact,  of  Electric 
Locomotives,   49s 

Sturgeon's  Early   Electric  Motor,   395 

Sturgeon's  Wheel,  395 

Sub  -  Station  Details  for  Metropolitan 
Street  Railway  System  of  New  York 
City,  53a 

Sub-Stations  for  Electric  Power  Trans- 
mission. 533 

Subway  Transformers,  108 

Sudden  Reversal  of  Direction  of  Rota- 
tion of  Motor,  Danger  of.  Without 
the  Use  of  the  Rheostat,  435 

Sunburns,  Arc-Li^ht,  150 

Sunlight,   Composition  of,   144 

Supply  of  Electricity,  Basis  of  Charge 
tor,  ^58 

Surgical    Incandescent    Electric    Lamps, 

-336 

Surgical  Lamp.  Use  of,  for  Examination 
of  Throat  of  Patient,  336 

Suspension  Cables  and  Hangers  for 
Telpher  Tracks,  498 

Switcn,  Break-Down,  355 

Switch,  Canopy,   488 


Switch,  Hand,  for  Multiple-Connected 
Arc  Lamp,   177 

Switch  Handle  for  Controller  Box,  475 

Switch,    Exjualizer,   324 

Switch  for  Various  Connections  of  Sep- 
arate Primary  and  Secondary  Trans- 
former Coils,  X07 

Switch,   Isolated,   tor  Arc  Lamps,  215 

Switch,  Mechanical  Cut-Out,  for  Arc 
Lamps,  ai^ 

Switch,  Service,  for  House  Wiring,  352 

Switchboards,    Electric,   352 

Symbol  for  Cvcle,  65 

Synchronous  Motors,   Multiphase,   511 

Sjmchronous  Multiphase  Motors,  509 

System,  Electro-Magnetic,  Contact  for 
Trolley,  482 

System,  Third-Rail  Trolley,  482 

Systems,  Multiphase  Alternating  -  Cur- 
rent, SOS 


Tapskzno  or  Conical  Conductors.  323 
Tape  and  Branch  Wires,  jS3 
Telephone   Incandescent  Electric  Lamp, 

Telpher,  Handling  of  Ashes  by,  500 
Telpher  Lines,  Advantages  of,   498 
Telpher  Lines,  Handling  of  Baggage  by. 

Telpher  Track,  498 

Telpher  Tracks,  Suspension  Cables  and 
Hangers  for,  498 

Telpherage,  497,  50X 

Telpherage  Handlers  vs.  Baggage  Smash- 
ers, 500 

Temperature,  E£Pect  of,  on  Daylight 
Values  of  Incandescing  Electric  Fila- 
ment, 27Z 

Temperature,  Effect  of,  on  Efficiency 
ot  Incandescing  Filament  of  Electric 
Lamp,  270 

Temperature,  Influence  of,  on  Emissiv- 
ity  of  Glowing  Filament,  278 

Temperature  Limits  of  Dynamos,  58 

Temperature  of  Boiling  Point  of  Car- 
bon, 129 

Temperature  of  Free  Boiling  Liquid 
Limited  to  Temperature  of  Its  Boil- 
ing Point.   129 

Terminals  of  Incandescing  Filament,  Ne- 
cessity for  Maintaining  Constant  Pres- 
sure at,  300 

Tesla.  $0% 

Tesla^s  High-Frequency  Discharges,   385 

Tesla's  Rank  First  as  Inventor  of  the 
Multiphase  Electric  Motor,  503 

Theatre  of  the  Royal  Institution,  Davy's 
Description  of  the  Voltaic  Arc  Ex- 
hibited at.  X19 

Theatrical  incandescent  Electric  Lamp, 
331 

Therapeutic  Generators,   13 

Thermo- Static  Electric  Heater  for  Edi- 
son's Chemical  Meter.  360 

Thiers  and  Lacassagne's  Great  Inven- 
tion  of  Two-Magnet  Arc  Lamp  for 
Series  Circuits,  156 

Third-Rail  Trolley  System,  482 

Thompson,  S.  P.,  Definition  of  Dyna- 
fiKhElectric  Machine  by,   6 


Ttmnwi  -  Booaton  Arc  -  ti^  Dtaamn, 
••d  AMtowuk  RacnlMac,  Diisnat  « 
Cinait  Coimctio—   lor,  mo 

Tbomwo  ■  UcuMoci   DyauM^  Air   BliM 

TboouoD-Hourton  OjBaBo,  Bios-Wauad 

Thftf  ll«M-iit  bimuu*,  jf 

Thna  Coadaetor^  DipbaK  Sjucin  wit^ 


ThrM.Wire     SyileL.     .. 

Ekctik   Lamg   DiNnbotiaa,    Edasali, 

ThiM-Wirc     Sinlem     of     ImBiiilwiiinl  Helm- 

Electric      Lamp      DutributioD,      Ho^  nf  New 

Ttara-WiR     StMciu     of     InundeKCiit  r  Sko 

ElRtn     La^r     Dirtribnliash     fXitO- 
liana  to,  u;  inaStw 
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Two-Magnet  Arc  Lamp  for  Series  Cir^ 
cuits,  Lacassagne  and  Thiers's  Great 
Invention  of,    156 

Two- Part  Commutator,   Action  of,   15 

Two-Part  Commutator,  Faraday  on  Ac- 
tion of,   16 

Tylerian  Society  at  Haarlem,  Powerful 
Leyden-Tar   Battery  of.    115 

Type^H  Transformer,  General  Electric 
Company's   Oil-Cooled,    103 

Types  of  Armatures  for  Alternators,  81 

Types  of  Fan  Motors,  448 

U 

Umbrsi«i«a  Type  of   Electric  Generator, 

43 

Underground  vs.  Overhead  Feeders  for 
Electric  Street  Cars,  484 

Under- Running  Trolley  System,   481 

Unequal  Consumption  of  Positive  and 
Negative  Carbons  in  Direct-Current 
Arc,  13^ 

Unit  of  Activity,   xo 

Unit  of  Rate  of  Doing  Work,  xo 

Unit  of  Work,  g 

United  States  Census  Report  for  x^oo 
on  Increase  of  Enclosed  Altematmg- 
Current  Arc  Lamps  for  Street  Light- 
ing,  207 

United  States  Census  Report  on  Manu- 
facture of  Incandescent  Lamps,  28a 

United  States  Census  Report  on  the  In- 
crease in  the  Use  of  Small  Electrically 
Driven  Fans,  448 

United  States,  Electric  Railway  Com- 
pany of,  463 

United  Sutes  Mint  at  Philadelphia, 
Electric  Motor  Installation  in,  442 

United  SUtes  Mint  at  Philadelphia, 
Processes  of  Coinage  Emplo^red  in,  443 

Unsteadiness  of  Carbon  Voltaic  Arc,  12s 

UnsuiUbility  of  Charcoal  or  Gas  Re- 
tort Carbon  for  Commercial  Arc 
Lighting,   151 

Use  of  Bracket  Lamps,  3x4 

Use  of  Step-Down  Transformers,  96 

Useful  Life  of  Incandescing  Lamp,  300 


Vacuous  Spacxs,   Formation  of  Vbltaic 

Arcs  ill,  124 
Vacuum  Break,  Moore's,  38a 
Vacuum-Tube  Discharges,    van  Marum's 

Luminous,   115 
Vacuum  -  Tube    Electric   Lamp,    Morris, 

Weare,   and  Monckton's,   257 
Vacuum-Tube    Lamp,    Hawkesbee's,    380 
Vacuum-Tube  Lamps,  Objections  to,  382 
Vacuum-Tube  Lamps,  Some  Advantages 

of,  380 
Vacuum-Tube  Lighting,  380.  386 
Vacuum-Tube  Lighting,  Early  Form  of, 

114 
Vacuum-Tube  Lighting,  Low  Percentage 

of  Heat  Energy  in>  381 
Vacuum-Tube  Lighting,  Moore's  Vacuum 

Rotator  for,  383  .     ^ 

Vacuum-Tube  Lighting.  Tesla's  Proposi- 
tions Concerning,  386 


Vacuum-Tube  Radiations,  Cause  of  Low 
Temperature  of,  381 

Value,  Practical,  of  Counter  E.M.F.  of 
Motor,  415 

Van  Malderen,   156 

Van  Marum's  Incandescing  Metallic 
Conductors,  245 

Van  Marum's  Luminous  Vacuum-Tube 
Discharges,  X15 

Vapor  Lamp,  Cooper-Hewitt,  37S>  379 

Variable  Resistance  or  Rheostat  for 
Searchlight  Projector,  226 

Variable-Speed  Fan  Motors,  449 

Various  Positions  of  Arc-Light  Carbons, 
153 

Various  Sources  of  Light  of  Carbon 
Voltaic  Arc,   X46 

Varlev's  Shell  Transformer,  xox 

Ventilation  of  Rooms  by  Motor-Driven 
Exhaust  Fans  and  Blowers,  439 

Volt-Amoftre.  xx 

Volt-Coulomb  or  Joule,   xo 

Voltage  of  Trolley  Wire,  476 

Voltajvs,  Incandescent  Lamp,  303 

Voltaic  Analog[ue  of  Two  Seiies-Con- 
nected  Voltaic  Batteries  and  Series- 
Connected  Coils  on  Opposite  Halves 
of  Gramme-Wound  Armature,  23 

Voltaic  Arc,  Cause  of  Bow  or  Are 
Shape  of,  xx8 

Voltaic  Arc,  Establishment  of,  by  Ley- 
den- Jar  Discharge,   123 

Voltaic  Arc,  JExtinction  of,  by  Approach 
of  a  MagneJL   122 

Voltaic  Arc,  Formation  and  Nature  oL 
1x6 

Voltaic  Arc,  Great  Deflagrating  or  Heat- 
ing Power  of,  120 

Voltaic  Arc,  Splendors  of,  120 

Voltaic  Arcs,  Formation  of,  in  Vacuous 
Spaces.  124 

Voltaic  Arcs,  Formation  of.  Under  Wa- 
ter, 124 

Voltaic  Battery,  Bunsen's,  152 

Voltaic  Battery,  Influence  of,  on  Prob- 
lem of  Electric  Lighting,    xi6 

W 

Wax^lace's  Rectangular-Plate  All-Night 
Carbon  Arc  Lamp,   X96 

Wallimer,    xx4 

Washington  Monument,  Electric  Eleva- 
tor at,  453 

Wasteful  Illumination  of  Tower  Light- 
ing, 212 

Wastefulness  of  Electric  Energy  in  the 
Incandescing  Lamp,  208 

Watch    Charms,    Incandescent    Electric, 

34Z 
Water-Cooled  Transformers,   X04 
Water,  Formation  of  Voltaic  Arcs  Un- 
der,  124 
Watson  and  the  Electric  Light,  xic 
Watt,  Approximate  Value  ox,  m  Horse- 
power,  XX 
Watt-Hour  Meter,  Elihu  Thomson's,  362 
Watt-Hour  Meters,  356 
Watt  or  Joule  Per  Second,  xx 
Watts,  Apparent,  77  .      -^       , 

Ways's  Incandescent  Mercurial  Electric 
Lamp,  256 
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ZirmvowiKi'i  Shell  Trainformer, 
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